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TO 


JOHN ABERNETHY, Ese. 


My Dear Sir, 


AS I have often thought of you whilst 
writing this Essay, it appears therefore -na- 
tural that I should inscribe it to you. I am 
sure you will peruse it with the indulgence of 
a friend. 

At this time TF feel, m common with the 
members of our profession, particularly m- 
debted to you. By your improvements in 
Surgery, you have given into our hands new 
powers; and by the independence and hiber- 
ality of your conduct, as much as by your ac- 
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quirements and your talents, you have been 
an honour to our profession. But, above all, ‘ 
I feel grateful to you, that you have distin-- 
guished that part of the profession to which 
you belong, from a class of writers who, im 
seeking to associate themselves with distin- 
guished men in philosophy, have adopted the 
worst part of what is peculiar to them. In 
France, during the period of the Revolution, 
two of the most celebrated anatomists and 
physiologists of that country were carried: with 
the prevailing fashion of the time ;. and incor- 
porated into their works the sentiments of 
Helvetius, Mirabeau, and. other philosophical 
writers. These sentiments may be traced, like 
a turbid stream in pure waters,. through some 
of the works of our own country. Originally 
these were not the opinions of the students of 
nature, but of secluded men; and the morbid. 
excess of feeling which drove them to. retire- 


ment, gave to the expression of their concep- 
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tionsia fervour which might be their apology. 
‘But when,. without that embellishment which 
genius can throw over them, we find them un- 
naturally joined to the demonstrative evidences. 
of anatomy, they appear to me, as they have 
done to you, false in: themselves, and’ quite 
foreign to the occasion. 

No man ever received more hearty applause 
than you did in the conclusion of your dis- 
courses’to the College; because you spoke 
what every man felt to be justly conceived, as. 
well. as eloquently delivered.. You adapted 
yourself to the more matured judgment of the 
College; and you earried the hearts of the 
students with you by the spirit and animation 
ef your discourse. Had you done violence to 
our most deliberate opmions and our best feel- 
ings, we should have regretted it indeed on 
your own account : but we should also have 
been indignant that our Professor chose: to 
take advantage of his situation, to produce a 
distaste of our proper studies, and te deprive 
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us of those reflections which support us through 
_ a painful profession. . 
Your younger colleague in the chair of the 
College of Surgeons thought it unbecoming 
to restrain the expression of opinions, how- 
ever abstruse and delicate, however remote 
from the subject of his lectures. He spoke 
of freedom ;—and of tearing the gown off his 
own shoulders, if he was to be controuled in 
any degree. By his surprise at the notice 
you have taken of him, it appears that he has 
not understood the difference betwixt the in- 
dividual and the office he holds. Uf he had 
justly estimated the value of the gown at the 
time he received it, he would better have com-= 
prehended the motive of that attention he has. 
met with. He stood as the organ of the Col- 
lege; and it is too much to expect that those: 
who came there to support him as the Pro- 
essor of the College, should be brought to 
sanction, by their presence, doctrines which 
they know to be founded in error. 


Vv 

This is now the third time that I have seen 
the influence ‘* of lean translations out of 
French,” upon our students; and it has ap- 
peared to me to subdue, in a remarkable 
manner, their love of the works of nature; 
and to cool that enthusiasm which should be- 
long to their peculiar studies, and their time 
of life. 

They know not how much they lose by 
being seduced from a just philosophy,. in 
favour of such speculations, the: offspring of 
vanity and seclusion; and leading to.a stupid 
and sterile materialism. I would desire no 
other guard upon the mind of a youth against 
the infection of those notions, but that he 
should’ study some department of natural 
knowledge deeply: not in men’s written opi- 
nions, which are so often distorted by passions 
and obscure motives, but in the object itself, 
in nature; above all, I would recommend to 
his observation the structure of animal bodies. 


The human body, though deprived of what 
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gave it motion and feeling, is still a plan drawn 
in perfect wisdom: ‘The student who comes 
to the examination of it with right notions, 
will think he is admitted to a great privilege ; 
he opens, as it were, the volume of nature to 
see things near at hand. With men of talent _ 
the interest increases every day. Those of a — 
different stamp, and who possess neither just 
feelings nor good taste, must treasure some of 
the sentiments and expressions of your col- 
Jeague with particular satisfaction. 

A man possessed of that humility which 1s 
akin to true knowledge, may be depressed by 
too extensive a survey of the frame of nature. 
The stupendous changes which the geologist 
surveys, the incomprehensible magnitude of 
the heavenly bodies moving in infinite space, 
bring down his thoughts to a painful sense of his 
own litileness: to him ‘“ the earth, with men 
“upon it, will not seem much other than an 
“<ant-hill, where some ants carry corn, and. 


«some carry their young, and some go empty, 
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‘* and all to and fro, a little heap of dust *.” 
He is afraid to think himself an object of 
Divine care. . But when he minutely regards 
the structure of his own body, he learns to 
consider space and magnitude as nothing toa 
Creator. . He finds that the living being which 
he was about to contemn, in comparison with 
the great system of the universe, exists by the 
continuance of a power no less admirable than 
that which rules the heavenly bodies. _ He 
sees that there is a revolution, a circle of .mo- 
tions no less wonderful in his own frame, in 
the microcosm of man’s body, than in the 
planetary system; and that there is not a ; 
globule of blood which circulates, but pos- 
sesses. attraction. as incomprehensible and 
wonderful as that which retains the planets in 
their orbits. 

The animation with which you have an- 
swered opinions on subjects which regard the 
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happiness: of .others, and the mildness with 
which you have noticed criticisms on your- 
self, afford: an excellent example. 

T-consider it the peculiar happiness of a hfe 
such as yours has been, which private virtue 
-embellishes as much as those ‘services “you 
have done to Science, that you can raise ‘your 
voice against false opinions without a suspicion 
of any motive but the most generous and 
pure ;. and that’ you can exert your powers 
on ‘such ‘a subject to crown: all your former 


labours. 
I am, my dear Sir, 
With every Sentiment of 
Friendship and Esteem, 
~ Very truly yours, 
CHARLES BELL. 


AN 


ESSAY 


ON THE 


CIRCULATION OF THE BLOOD. 


PART I. 


AN Essay on the Circulation of the Blood 
conveys to most readers an idea of presump- 
tion in the author ; as if he were about to put 
a rude hand on the honours of our great 
countryman. ‘To others it gives only an im- 
pression of utter hopelessness of useful results. 
But in giving instructions in the first princi- 
ples of that profession, which is to be the 
business of their lives, to men who have been 
accustomed to a just method of reasoning on 
B 
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subjects of philosophy, the Author has felt 
im some degree humbled in entering on the 
circulation of the blood. He has been obliged 
to expose to them the want of just principles, 
and the substitution of mere authorities, in 
explainmg by what force the blood is circu- 
lated. After many years he still finds the 
matter encumbered with difficulties. 

The object of this Essay is to shew that, 
in one of the most common subjects of phy- 
siology, we give our assent to what we do 
not perfectly comprehend. We acknowledge 
the circulation of the blood, without attempt- 
ing to. remove those objections which every 
intelligent student is capable of offering to if. 
It is my purpose to state those objections ; and 
to offer to my reader the course of reasoning 
with which I have met them when treating 
the subject in my lectures. 

I shall not enter at present into an investi- 
gation of the whole of this ‘eurious subject, 
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but confine myself to such points as appear 
particularly to require illustration. 


if I am performing an operation on the 
living body, a stream of blood is thrown out 
from the exposed surface ;—an artery, the 
calibre of which is not greater than a pm, 
will throw out a stream of blood to the dis- 
tance of three or four feet. Upon injecting 
the vessels of the dead body with water, what- 
ever may be the force with which Fuse the 
syringe, the fluid may be made to ooze front 
the orifice, but not to rise in a jet. 
.. While the blood 1s flowing in this powerful- 
jet from the vessel of the living body, it may, 
by an application of styptics, be arrested in 
the open mouth of the artery. No such effect 
can be produced on the dead body : although 
the water only oozes from the orifice, no ap-" 
pheation will stop it. It therefore appears 
that there is a facility given to the course of 
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the living fluid in the living vessels that is 
lost in the dead tube. Simple and obvious as 
this fact is, the neglect of it has given rise to 
the most remarkable discrepancies in the ob- 
servations and conclusions of learned men. 
How are we otherwise to account for Bo- 
relli saying that the heart has a power of 
180,000 Ibs. and Keill that it has a power 
equal enly to eight ounces? How are we to 
account for Senac estimating the pulsative 
power of the crural artery to be sufficient to 
raise a body of 400 lbs. while a very few 
pounds weight, placed on the artery, will cer- 
tamly close it against the entrance of the 
blood. . 
As the blood flows uniformly and without 
pause in the veins, and as, at most, two powers 
only are operating on the column of blood, that 
of the heart, and that of the arteries, it is af- 
firmed that the power of the heart’s contraction 


reaches through the whole extent of vessels. 
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Further, Haller has asserted, that the impulse 
from the contraction of the heart moves the 
blood onward through the extremities of ar- 
teries the sixth part of a line in diameter. 
And in all the length of an artery, (as Senac 
observes,) the blood is seen to flow with greater 
impulse during the contraction of the heart, 
and with diminished force during its diastole. 

Here then is the first objection which a 
student, who has been accustomed to reason 
philosophically, will start to the circulation of 
the blood. He sees that the arteries and veins 
are divided and multiplied to an incalculable 
degree of minuteness ; that the blood is every 
where, and every where moving with rapidity. 
He recollects how the attraction operates be- 
twixt the fluids and the solids spread out 
in contact, upon a surface many thousand 
times the extent of the surface of the body. 
The question at once occurs to him what 
power must the heart possess to propel the 
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blood against this influence? He turns to 
the heart ; and, although he cannot calculate 
the power of the living fibre, he sees that the 
mechanical checks which direct the blood, are 
so weak in texture, as to be unable to bear the 
weight even of a few pounds or ounces ; and,, 
meeting with no answer to his enquiries, he 
already begins to look back with regret on 
those more philosophical studies which he fol- 
lowed at college. 

The excellent Dr. Robert Whytt, in his 
enquiry into the causes which promote the 
circulation of the fluids in the small ves- 
sels, says that, ‘“‘ however easy it may appear 
to some authors to account for the motion of 
the fluids in the small vessels of animals, yet, 
whoever considers the resistance that a fluid,. 
moving through the aorta and all its branches, 
must meet with from friction, and adds to” 
this the mutual attraction and cohesion be- 
twixt the particles of the fluids, and the sides 


of the vessels in which they move, will not 
only see that there is some difficulty in this 
matter, but suspect that neither the force of 
the heart, nor the alternate contraction of the 
larger arteries, are sufficient to drive the fluids 
through the smallest vessels of the brain, 
testes, and many other parts of the body.” 

The ingenious Dr. Hales said, ** If we 
could be so happy as to find a hquor of such 
adue consistence, as to pass freely through 
from the arteries into the veins, as the blood 
does in its natural state, then many curious 
experiments might in this manner be tried on 
several parts of the body.” 

From these celebrated men we have the 
statement of the difficulty; a difficulty which 
_ Dr. Hales encountered in all his experiments, 
however ingeniously contrived: the finest 
fluids could not be made to pass through the 
vessels of the dead animal, with the same free- 


dom and velocity as the natural blood, though- 
thick and viscid. 

But is it true that the blood is viscid while 
in the living vessels? ‘‘ Fluidity being,” as 
Mr. Hunter has said, ‘‘ necessary at the time 
of circulation, for its motion, distribution, and 
the easy separation of its parts,” are we to sup- 
pose that this necessity is imperfectly fulfilled ¢ 
The blood isthe most subtle fluid in-nature,. 
and passes where our finest injections cannot 
be made to enter. And there seems reason to 
conclude, not only that the coagulation of 
the blood is an act of dying, but that the 
viscidity of the blood (as we see it in the fluid 
part out of the animal) is also a state incompa- 
tible with life and circulation. 

Mr. Hunter has said that coagulation is 
‘¢ an operation of life: it is,” says he, ‘ par- 
ticle uniting with particle, by the attraction 
of cohesion.” I am forced to reject the first 
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part of the opinion, and adopt the latter. 
Coagulation is the act of death; by which the 
blood, hitherto preserved fluid, suffers an at- 
traction of its particles, and becomes solid. 

But it is not only by the attraction of the 
particles among themselves, that the new pro- 
perty is exhibited in the coagulum, it 1s also 
rendered manifest by its attraction to the sides 
of vessels, or to any contiguous surface. 
When an artery is cut in the living body, the 
hemorrhage will be the more profuse the less 
the injury which the coats of the vessel have 
sustained; but neither a torn artery nor a 
bruised artery bleed. 

If the limb be torn off, and the artery lie 
with its mouth open, the blood is coagulated 
and attraeted to the coats of the vessel. If we 
injure a vessel while the blood is flowing, the 
blood is attracted to the mouth of the vessel, 
and the bleeding stops. Nip the blood vessel 
‘with the fingers, or with the forceps, and the 
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stream of blood is stopt; although in both 
these instances the mouth of the vessel be 
open. | 

This, it has been suggested, may be owing 
to the air admitted to the blood, to the change 
hence induced, and to new properties in the 
blood. But the same effects follow an inter- 
nal wound, where no air can penetrate; and 
the coagulation and the attraction take place 
to a depth in the vessels which does not admit 
of this supposition. 

These facts lead us to understand the dif- 
ference betwixt the course of the blood through 
living vessels, and the flowing of water through 
dead tubes !—De Gorter has shown by expe- 
riments that, in order to push the fluid through 
the small vessels of dead animals, it is re- 
quisite that the fluid should fall from a height 
the double of what is required to equal the 
power of the heart. But did the fluid in the 
dead vessel spring as from a divided artery? 
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How. much greater must the pressure be 
to make a small vessel throw out the fluid 
three or four feet? The phenomenon to be 
explained, without which we need not ad- 
vance a step further in reasoning or experi- 
ment, is this,—from the living surface the 
blood rises freely, and in so small a jet that it 
is not perceived except when the blood is scat- 
tered on a white part of the dress. We can- 
not imitate this m the dead body. Again, 
when a living artery is giving out its blood ina 
stream, it will stop, and the blood suffer coagu- 
lation merely by injuring the vessel, although 
the mouth of the vessel remain open. When 
I witness the force with which the blood spouts 
trom a wounded vessel, and when I consider 
the amazing number and minuteness of the ves- 
sels through which the blood is flowmg at the 
same rate, and when I recollect the weakness 
of the heart, and the delicacy of its mechanism, 
I am brought to this conclusion. Philoso- 
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phers have been estimating a resistance which 
does not exist in the livmg frame. They 
have been in the old error; estimating the 
powers of a living body by the result of their 
experiments on dead matter. They have 
been estimating the course of the blood, (which 
has properties different from what it exhibits 
out of the body), as they would water conveyed 
im lifeless tubes. 

Attraction is a term used to denote the 
power which draws bodies together ; a property 
the most universal in nature; so that we may 
say every particle attracts every other particle. 
It is universal in dead matter, and necessary to 
the frame of the world. Without some such 
principle there could not be any motion; and, 
without it, motion would soon perish. Are 
we prepared to admit that this universal 
attraction of fluids and solids is negatived in 
the vessels of a living body,—that the great 
Architect, mstead of accumulating forces to 
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overcome the vast resistance, has annihilated 
it, and rendered a smaller force sufficient to 
the end, and at the same time consistent with 
the delicate texture of our frame. 

If this fact were satisfactorily established, 
how surprising and admirable would it appear, 
that the power which ‘orders every thing in 
dead matter, by which all motions are begun, 
by which heavy bodies descend, light bodies 
float, rain falls, and vapour ascends, on which 
depends the flowmg -of waters, as well as the 
stability of solid fabrics, should be dismissed 
in this instance, as incompatible with the mo- 
tion of the fluids, and consequently with the 
life of animals. 

There is no other rational theory of secre- 
tion but that which supposes the chemical 
affinities of the blood to be changed by the 

influence of life in the smaller vessels. But 
that which ‘modifies attraction may discharge 
it. 
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: _In-this sense perspiration is a‘ secretion; 
and, although arguments from analogy are: 
dangerous, yet as the skin is a-surface ex- 
posed to our observation and experiments, T 
shall apply my hypothesis to it. 

If a glass tube be attached to the artery of 
a. horse, the column of blood will suddenty 
rise in the tube, marking the force of eircula- 
tion. If the ravi t be bled from: another 
vessel, the blood will descend in the:column, 
as the force of the circulation is enfeebled. 
When the blood is very low, and the animal 
dying, the surface will break out profusely in 
perspiration. It must be concluded that the 
force of internal impulse is not-the cause of 
perspiration. Again, the most persevering 
efforts,in injecting the vessels will never bring’ 
the water through the pores of the skin; and 
if a dead. body be carried near the: fire, the 
heat will not,bring out one drop.of fluid from 
the pores of the cuticle. 
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[he examination of the pores of the skin, 
and a very sitiple experiment, will explain the 
phenomenon. The pores of the skin are tubes 
formed by processes of the cuticle which run 
deep into the cutis vera: they are capillary 
tubes. To exhibit the attraction in capillary 
vessels, T drew ‘outa tube of glass to'some de- 
gree of mintteness, and, breaking off the ex- 
tremities, I dipped the end in wine; the 
wine rose in'the tube by capillary attraction. 
I ‘did this in the begmning of summer: on 
the commencement of winter I could not ob- 
serve that the fluid was diminished. I was 
aware of the fact before I made the experi- 
- ment; but I did not conceive that the: attrac: 
tron of thé fluid’ for the tube would have: so 
éffectually resisted the attraction of a dry at- 
mosphere.’ We perceive now how impossible 
it is that evaporation or perspiration can take 
place from the capillary tubes of the skin of 
the dead body. What then produces perspira 
cz 
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tion ? Isit not a process of life which destroys 
the attraction and lets off the fluid? And is it 
not the same negative attraction which permits 
the blood to flow in the smaller vessels, with- 
out which they would retain the blood and 
stop the circulation ? 
., I am inclined to think that this negative at- 
traction is not without its influence upon the 
lengthened excretory ducts of glands, when 
there is a sudden flow; for example, of bile 
or saliva; and how the convoluted vasa de- 
ferentia testis are capable of discharging their 
fluids without it, I am unable to conjecture, _ 
when I consider their almost incalculable 
length, and the smallness of their cavity. 
Surgeons have miscalculated the force of 
arteries almost as much as physiologists have 
mistaken the power propelling the blood. 
After reading the means of stopping hzmorr- 
haye, would not one suppose that it required 
some particular force of body as well as energy 
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of charactér to stop the bleeding from a prin- 
cipal artery ? What stuffing of clothes” and 
pressing’ of one hand over the other! But 
what m truth is requisite to stop the pulsation 
in the most powerful artery? ‘lhe pressure of 
the little finger i is sufficient. 
See with what slight force the blood moves 
along the veins on the back of your hand: 
Yet slight as the pressure is which will stop 
the flow of that blood: in those veins, and 
slight, consequently, as the imnpulse of the 
blood must be, the blood will make its way 
back to the heart, throwing down all the im- 
pediments: which you have calculated upon, 
and open the heart itself. | 
When Mr. Hunter laid bare the radial ar- 
tery of a dog, and saw it contract, and, on 
éuttmg® it across, saw the blood oozing only, 
and not flowing in a stream, he concluded that 
the obstruction of the blood was owing to the 
‘contraction of the artery. Can we agree to 
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this conclusion ? Before this experiment was 
made, did not the blood flow rapidly through 
the capillary extremities of that vessel some 
fifty times smaller than the trunk even in its 
contracted state? Did the contraction of the 
artery bring it to the diameter of one of its 
own secondary or ternary branches? If it did 
not, it could not be the smallness of the calibre 
that stopt the blood when the artery was di- 
vided. It was the injury from exposure, and 
the dissection, and the consequent attraction 
that began to prevail betwixt the yessel and 
the contained blood. In such a case there is 
blood contained within the vessel; but that 
blood is coagulated. I have examined the 
radial artery of a man cut across by a musket 
ball, when the blood stopt spontaneously ; 
I found the blood coagulated for an inch in 
the length of the artery. 

, When vessels are divided in a wound, and 
the blood flows at first impetuously, then 
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slowly, and when the red blood is stopt, and 


serum only passes, is it the contraction of the 
mouths of the vessels which retains the red _ 
globules? Let us follow the aciion outs. pre- 
sently pus mixes with the serum, and sup- 
puration is gradually established. Globules 
larger than those of the blood are passed 
through the mouths of the vessels. Do the 
extremities of the vessels open and enlarge 
again? Then should the red blood flow 
afresh. Since this is not the case, we must 
conclude that, from the commencement of 
the retardation of the blood flowing from the 
divided vessels, the living coats are exercising 
an influence on the contained fluids. That 
the serum or the pus discharged are not 
merely the finer parts of the blood, pare 
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ing through the contracted vessels, but 


cretions, must.be admitted, if we define se- 
cretion to be the blood changed through the 
influence of the living vessels. Without ac- 
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knowledging the agency of the living ves- 
sels on the composition of the blood, we 
shall not be able to account for the changes 
performed on this fluid in the body or the 
difference of experiments made in chemical 
vessels, and in the tubes of: the living frame. 
But grant that there exists a mutual influence 
of solids and fluids peculiar to life,—then the 
step is easy to admit also, that the common 
attraction of cohesion is dimissed, and ther 
our view of the subject of the circulation of 
the blood is consistent. 

We have no longer to estimate a force of. 
attraction too great for the heart to overcome, 
er to suppose forces in operation quite incon- 
sistent with the weakness: of our frame. The 
motion of the blood is facilitated by the ab- 
straction of a power, instead of an enormous 
accumulaticn of force; and the attraction ig 
resumed, as im the case of an opened vessel, 
when necessary to the safety of the indivic 


dual. 
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It is solely in this way that we can explain 
the fact which 1s every day before our eyes: 
that the blood circulates through vessels so 
small that we require a microscope to see 
them, and yet that not a drop flows from. the 
trunk of those vessels, when cut across, al- 
though it be fifty times larger in the calibre. 

It is difficult to account for the stoppmg 
oi the blood, when the artery is torn, without 
admitting attraction ‘and coagulation to be 
consequences of the injury; and it seems to me 
impossible to account for the circulation of the 
blood through myriads of small capillary. ves- 
sels, by the impulse of the heart, without sup- 
posing that there is in this living and healthy 
state of the body an absence of that attraction 
which is universal mm dead matter. 

In drawing this conclusion, I have pro- 
ceeded on the idea, that if the principles of | 
mechanism, or of chemistry, be admissible in 


the explanation of vital phenomena, they are 
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still incapable of solving our difficulties. When 
matter acquires life, it acquires also qualities 
and powers which it had not before, and 
which it loses the moment that life is extm- 
guished. The extinction of life, so far as it 
relates to the body, being nothing but the loss 
of these properties. It may be argued, living 
powers are superadded to those of manimate 
matter, when it is taken into the living frame, 
but none of its former properties are taken 
away and destroyed. Our blood gravitates, 
as we see, in the veins of the lower extremi- 
ties: and when extraneous force acts upon a 
living body, it is as inert as when it is dead. 
But this relation of an animal body to the 
surrounding world, in respect to its gravity, 
courage with endowments even of our 
senses, which hold a relation with what is 
around us. Gravitation. is necessary to the 
exercise of our senses as well as to the 
azency of the body. ‘Phat the living body 
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ean begin a motion ought, I think, to lead us 
to consider it in a very different light from 
the class of inanimate objects around us, al- 
though holding certain relations to those 
objects. 

This reasoning may not be satisfactory. 
Some may still say it is not safe nor -philoso- 
phical, to suppose that the matter of living 
bodies parts with any of its qualities; and 
that it is by addition, not subtraction, that the 
difference betwixt the two states of matter, the 
aniniate and the manimate, is produced, But 
1s there no such modification of deac matter? 
Does heat produce no difference in the running 
of fluids through tubes? Does electricity pro- 
duce no such modification of attraction be- 
_twixt fluids and solids ? In water contained m 
glass, metal, or wood, we have attraction in 
different degrees ; but in mercury we have the 
contrary, for it is repelled by glass or iron. 

Those who would object to my hypothesis 
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on the ground that it implies a violation of 
the laws of nature to suppose attraction de- 
stroyed or modified im living vessels, may find 
in these considerations a new reason of acqti- 
escence, since even in dead matter we have 
instances of nearly a similar result. 
I am aware that, in the second part of this 
Essay, I shall weaken my arguments as to the 
necessity of supposing the attraction betwixt 
the fluids and solids destroyed, since IT am 
there to shew how powerful the arteries are 
in propelling the blood. But, admitting the 
power of the arteries, and, on the other hand, 
considering that the whole body is a tissue of 
tubes conveying fluids, I think we shall see 
reason to conclude, that if the fluids were at- 
tracted to the solids at all times, and through 
the whole system, they could not be moved 
forward. They must be like the sap ma tree 
felled at undue season, which remains stagnant 


until the timber rots. 
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PART IL. 


fee 


EN this second part I intend to treat of the 
action of the arteries, to shew what powers 
‘they possess of circulating the blood, and how 
_ they vary im activity, independently of the 
heart’s action: at one time diminishing the ve- 
locity of the blood, and at another encreasing 
it in a remarkable degree. It is especially in. 
tended to draw the attention of the reader to 
the different forms of the arteries, and to ex- 
plain the uses of this variety. | 
In what follows, as in what has preceded, I 
have endeavoured to discover the truth by 
-the examination of the structure, and the ob- 
servation of the phenomena of life, without 
_ -torturmg living animals. — It is too common a 
D 
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belief that, in physiology, experiments on liv- 
ing animals is the best and surest way of pur- 
suing an enquiry, although it be certain that 
the supposed issue of experiments, is as much 
affected by the preconception, as the process of 
reasoning can be. The experimenter on brutes 
is not to be called a philosopher merely be- 
cause he goes counter to the natural feelings of 
mankind; nor is he the more entitled to favour, 
that he gives a character of cruelty to the Me- 
dical Profession, thereby contracting its sphere 


of usefulness *. It 1s but a poor manner of 


* That I have known the best and most virtuous men 
hold a different opinion, I must allow. But I have not been 
able to suppress the expression of my sense of this matter, 
that dissections of living animals’ attended with pro- 
tracted suffering must be wrong. I can affirm, for my own 
part, that conviction has never reached me by means of ex- 
periments on brutes, neither when I have’attempted them my- 
“self, nor in reading what experimenters have done. It would 
_ be arraigning Providence to suppose that we were permitted 


to penetrate the mysteries of nature by perpetrating cruelties 
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acquiring fame, to multiply. experiments on 
brutes, and take the chances of discovery. 
We ought at least to try to get at the truth 
without cruelty, and to form a judgment with- 
out having recourse to torture. At all events, 
it is our duty to prepare for experiments upon 
living animals by the closest previous applica- 
tion of our reason, so that we may narrow the 
question, and make it certain that advantage 
shall be gained by the experiment. | 

Before entering on my proper subject, let 
me suppose, that an experimenter were te 
affirm that arteries do not dilate and con- 
tract, and were to propose to support his opi- 
nions by some fifty experiments on living crea- 


tures ; I might be permitted to say to him,—~ 


which are ever against our instinctive feelings. I am, there- 
fore, happy in believing that the examination of the natural 
structure, and the watchful observance of the phenomena of 
life, will go farther to give us just notions in physiology than 
the dissections of living eae 
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Before you commit these crueltics, consider 
well, whether the object of which you are in 
pursuit be capable of demonstration in the 
living tube. Before you open the dog’s or 

the sheep’s throat, to look at the pulsation. of 
the carotid artery, consider the quantity of | 
blood sent out from the heart at each pulsa- 
tion, estimate how much of this is expended on 
the clongation of the artery, estimate the num- 
ber and length of the arteries, and put. this 
Auestion first to yourself,—Supposing that the 
artery dilates, 1s it in such a degree that my 
eye shall be able to distinguish it ? 

Not satisfied with this consideration, our 
experimental philosopher may yet suspend 
his hand, and reason thus :—All physiologists 
admit that the artery is elongated at each con- 
traction of the heart: _I-may as well see, by 
examination of the coats of the dead artery, 
whether they be as yielding and elastic in 


their transverse direction, as in their length ; 
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for if it prove to be so, and if it be true that 
pressure on fiuids extends in all directions 
equally, then while the artery is dilated im 
length, it must suffer a proportionate dilata- 
tion in breadth, | . 
But this philosopher having the knife in his 
hand, and the animal bound before him, is; 
notwithstanding, resolved to try the expert. 
ment. That is, he dissects the living animal ; 
or, as it is more cautiously expressed, he lays 
bare the artery,—he sees it move with the 
systole and diastole of the ventricle of the 
heart,—but is absolutely unable to discover 
any change in the diameter of the vessel. Ac- 
cordingly, he proceeds to prove by multiplied 
experiments on living creatures, that there is 
no dilatation of an artery, but only an elonga- 
tion: yet, if he had reasoned on the matter, 
one, instead of fifty experiments, might have 
satisfied a reasonable man. As thus,—the 
carotid artery is six inches in length; half an 
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inch in diametér ; it elongates at each contrac- 
tion of the heart a quarter of an mch, and, of 
course, rises from its bed m a curve to accom- 
modate itself to its confined place. Suppos- 
ing that it dilates in breadth m the proportion 
of its elongation, ought 1 to-see this dilata- 
tion? Dividing the inch into twelve parts,. 
the length of the artery is seventy-two twelfths,. 
the diameter six-twelfths. The motion of di-- 
Jatation is to the motion of elongation as six 
to seventy-two; that is, twelve times less im: 
degree. It further appears from experiments 
that the longitudinal motion of the carotid’ 
artery is in so limited a degree, that it cannot 
be at all times observed, but only in favour= 
able circumstances. This being granted, 1s- 
it reasonable to expect that a lateral motion: 
of the artery should be observed, whichis: 
twelve times less in degree than the longi-- 
tudinal motion which is caused by the same 
unpulse, and is taking place at ‘the ‘same 
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mstant of time? Thus, by omitting to ques 
tion himself before questioning: the animals. 
under his knife, an experimenter may be led 
en to compose a volume of experiments. 

There are sufficient reasons for believing 
that the arteries might propel the blood with- 
out the aid of the heart, if the uniform motion 
of the blood through the body were the only 
end of the circulation. We have reason to: 
believe, that the heart belongs fully more to- 
the lungs than to the body ; and that its chief 
office is as a regulator of the circulation and re-- 
spiration, preserving at all times a due rela- 
tion betwixt them. Yet it cannot be denied 
that, constituted as animal bodies are, the: 
heart has a powerful effect in propelling the 
blood. Ihave seen with the microscope,. 1m: 
cold blooded animals, the red globules of the 
blood propelled in pulses through the extremity 
of the vein; and, therefore, what is said by 
ene physiologist of the blood flowing in a uni- 
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form stream from the extremities of arteries, 
and by. another, of non-pulsating arterial ex- 
tremities, is probably founded in error, or im 
maccurate experiments. 

But although it were admitted that the force 
of the heart is sufficient to carry the blood 
through the whole extent of the arterial. sys- 
tem, it cannot be made to account for the 
imequalities which we observe m the force of 
the arterial actions. It cannot account for in- 
crease and diminution of secretion; for sud- 
den and partial growth, for wasting and de- 
cay of parts, while the general body is vigorous. 
[t will not account for an organ being plenti- 
fully supphed with circulating blood one hour, 
and the next left. with a diminished quan- 
tity. Ought not these facts to be accounted 
for? In what state is our physiology when 
we must overiook these most common and ob- 
vious occurrences? 'To suppose that the heart 
is the only engine circulating the blood, or 
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even that it is the principal cause of the mo- 
tion of the blood, must leave us in perfect 
astonishment when we see it ossified in its 
substance, or encumbered with a tumour which 
surrounds it wholly, and adheres to it on all 
sides ! * 

Some physiologists have denied the irita- 
bility of arteries, they have neglected the evi- 
dence of anatomy, and the experiments of Mr. 
Hunter, and then have contrived clumsy ex- 
periments the better to correspond with their 
own fancies. 

They have not enough considered that 
muscles will sometimes resist all stimuli but that 
of their proper agents. It would be too much 


to infer that the iris is not mmscular, because 


* See specimens in my Collection. But of this kind the 
most extraordinary case is that narrated by Mr. Allan Burns ; 
where ‘* the whole extent of the pericardium covering the 

“ ventricles, and the ventricles themselves, except about a 
- cubic inch at the apex of the heart, were ossified and firm 
“6 as the skull.” 
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it does not act upon being pricked! We see 
that the heart, ‘after it is exhausted, and re- 
fuses to act whatever stimuli be applied, will 
contract when it is distended, because dis- 
tension is its natural excitement. For the’ 
same reason an intestine will revive and act 
upon being distended with air, though it will 
not upon being pricked with needles. How 
then shall we contrive to excite the arteries 
in imitation of their natural stimulus? Or, 
supposing that we succeed m causmg them to 
contract, how shall we perceive the action ? 

Hales having introduced a tube into the 
descending aorta of a living animal, and havy- 
ing raised a column of water which, by its 
pressure, might inject all tle branches with a 
force equal to the heart, he cut the intestines 
in suchia manner that the small! branches were 
divided in the length of the intestine on the 
side furthest from the mesentery. He found 


that a certain quantity of water passed from 
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the cut vessels in forty-six seconds, while the 
same quantity of brandy tock sixty-eight se- 
conds; and on a second trial seventy-two 
seconds. He found, by the same mode of 
experimenting, that warm water, of the tem- 
perature of the animal, passed off much 
quicker than cold water from the pump. The 


natural inference from this experiment is, that 


the cold water and the spirits excited the mus- ~ 


cular fibres to diminish the calibres of the ves- ° 


sels, and hindered the course of the fluid, 

It may be seen at any time that the arteries of 
the turtle exert a muscular power. The viscera 
of a turtle having been sent from a hotel im 
Covent Garden to Windmill Street, the heart 
was still beating, and the intestines contracting. 
On attempting the injection of the aorta, it 
could not be dilated with all the force of the 
syringe. But, next day, when the parts were 
relaxed in death, when the intestines no longer 


exhibited their vermicular motions, the arteries 
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dilated under the wieaatite of the syringe, and 
admitted the injection freely. 

Mr. Hunter’s experiments appear to me 
conclusive. He proves that the arteries con- 
tract with a living power, distinguishable 
from elasticity, by its ceasing with life. It is 
not only offensive to see such authorities as 
Haller, Whytt, and Hunter disregarded, and 
their experiments and conclusions set at nought; 
but it is quite evident that Science cannot be 
progressive, unless we pay respect to the great 
men we have lost. I read ina French work 
where, with the utmost indifference to all we 
know through the labours of these men, it is 
written, that there are no muscular fibres in 
the arteries, not even in the aorta of an 
elephant; and that experiments have been 
made im every possible way to make these 
supposed muscular fibres act, but to ‘no 
effect. The author then speaks with a. soft 
indulgent regret of those who have been so 
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long deceived into a belief that arteries have 
muscular or irritable fibres. 

Suppose that a physiologist were to put a 
pipe into the crural artery of a dog, and to 
foree out blood and water at the corresponding 
wound in the vein, so as to make the jet rise 
‘from the wound, could it be affirmed on such. 
proot that the heart is sufficient to the circula- 
‘tion, and that there is no need of muscular 
arteries? ‘The plain answer 1s, that this is 
not all that is necessary to be accomplished 
through the apparatus of circulation. That 
artery into which the tube is introduced, can 
be made in the living body to partake of 
excitation ; to deliver a greater or lesser vo- 
lume of blood in a given time ; to drive it with 
more evident pulsation, and further into the 
extreme vessels. How then can this partial 
increase happen if the power be in the centre 
only ?. How can an artery contract, how can 
it enlarge in a permanent manner, if the whole 
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power be: given to the heart? How, if the 


artery possess elasticity only, can these phe- 


nomena be explained ? 


Water will-find its level ; nor does:it signify 
whether the tube she straight. or crooked, 
through which. it descends; it will spout: up | 
to the same level with the water im. the reser- 
voir. But the ajutage or spouting pipe of a 
jet d’eau affects the motion of the stream. If 
the water rise from a small tube, it will not 
mount so high as if 1t were to pass through a 
large pipe supplied from the same reservoir. 
The larger the tube’ is, the water will spout 
the higher, provided the reservoir be kept full. 
To raise the jet to the highest possible degree, 
the ajutage pipe must not be turned up at a 
right angle, it musti have a gentle easy curve. 
A polished round hole in the end of the pipe 
gives a higher jet than either a cylindrical or 


a conieal ajutage ; and a:conical form is better 
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than a cylindrical form for it. It1s also found 
that the longer the pipe is, the larger it must 
be im diameter to give full effect to the pres- 
sure of the water in the reservoir. ‘Thus even 
when water is flowing smoothly from the um- 
form pressure of a reservoir, the friction or at- 
traction makes a remarkable difference accord- 
ing as the tube is narrow or wide, straight or 
crooked, ragged or smooth. How much more 
must be the impediment, if the fluid be propel- 
led in a jet, as the blood is sent out of the heart. 
' There will, I am sure, be no objection made 
to the following experiments, on account of 
their simphcity. I filled an elastic gum bottle 
with water, and contrived that a heavy body 
should fall upon it. ; 

1. The mouth of the short tube attached to 
the bottle was a quarter of an inch in diameter ; 
by the weight falling, and the sudden force 
of compression, the jet of water was conveyed 
twenty-two feet. 

| z2 
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%. Putting on a small tube of an inch and 
a quarter in length, and the twelfth of an 
inch in calibre, the same weight falling, pro 
jected the water five feet only. 

3. Having attached a tube one foot im 
length, and the fifth of an inch in diameter, 
the jet was thrown out eight feet. 

4. On twisting the same tube round a rod,. 
the jet was carried four feet. 

The water in all these instances was flowing 
from the mouth of the tube, before the weight 
was allowed to fall. 

We see how impossible it would be for the 
heart te propel the blood through the arteries 
and.veins of different: calibres and curves, with 
the same force or with any regulated impulse. 
As the resistance of a fluid is greater when a 
body is moved. faster through it, so in the 
curved and elastic vessels of an animal body, 
the resistance will be the greater, the more 
sudden the impulse. 


AY 

“We have now to consider in what the ves- 
sels of a living body differ from rigid tubes. 

1. They are elastic. 2. The course of the 
Huid through them is by sudden impulse ; not 
as by the uniform pressure of water in a re- 
servoir. 3. They are in possession of a living 
property ; a power of contraction greater than. 
the power by which they suffer distention. 

It is this latter property of irritability that 
subverts all those conclusions which we would 
draw from the laws of hydraulics. And it is 
by inattention to this (I should be inclined to 
say obvious distinction,) that physiologists 
have been led to conceive that a curved artery 
is merely a means of retarding the flow of 
blood. | 

Mr. Abernethy, im his lecture at the Col- 
lege, having drawn on a board what he con- 
ceived to’ be the course of the vertebral artery, 
and contrasted the crooked course of this with 
a straight tube, said bluntly, nobody but a 

gS 
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fool could believe that a curved artery was 
designed for any other, purpose than for re- 
tarding the course of the blood. ‘This, it 
must be confessed, is-the general opinion, how- 
-ever it may be expressed. 

Yet I believe that those who have adopted 
this idea, have their eyes closed upon the 
greatest beauty of the animal structure. IL 
hope I shall be able to prove that the tortuous 
structure cannot be designed merely to retard. 
the-blood ; and that this notion stands contra- 
dicted by the survey of the natural body and 
its functions, as well as by the effects of disease. 

Let us attend,. in the first place, to the dit- 
ference in the form of an artery as it ascends 
and as it descends. | 

We find the arteries of the lower extremi- 
ty less tortuous than those of the head. The 
arteries of the legs and feet run in a straight 
direction: we follow the arteries on the head, 
and, as they ascend, they turn upon them- 
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selves, and still mounting on the head, they 
become more and more twisted and reflected ; 
and in the extreme branches, for example, of 
the occipital artery, the tortuous form en- 
creases as they diminish. in size, until they 
reach the vertex. As this fact cannot be dee. 
nied, we may put it thus,—the arteries which 
carry the blood downward have less curvature 
than those which carry the blood upwards. 
against the power of  gravitation.. 

If a tumour grows upon the head, the artery 
ef the temple, already. tortuous, becomes three. 
times more tortuous ; it is seen twisting in its 
pulsation under the skin.. | 

-The arteries of the mamma in a woman 
giving suck, become remarkably enlarged, but 
more remarkably tortuous. ‘The rami mam- 
marii of the internal mammary artery I have 
seen twisted and as tortuous as the splenic 
artery. When the function of the gland 
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ceases, the arteries lose their tortuous form, 
and diminish im size. 

The tortuous form of the artery prevails 
wherever the part supplied is subject to occa- 
sional encrease of activity. The artertes of 
the uterus, those of the testicle, those of the 
stomach and spleen, those of the penis which — 
serve for erection, are tortuous beyond all other 
examples in the natural structure of the body. 
When we witness the sudden. activity which 
prevails in some of these organs, or the rapid 
growth of others (for example the uterus dur- 
mg gestation); and when in that state we see 
the arteries becoming more and more tortuous 
as the activity or the volume of the body en- 
creases, how can it justly he asserted that the 
tortuous form: of the artery is for the purpose 
of impeding the course of blood ! 

If, according to the notions of some pbysi- 
ologists, the arteries possessed. only an elastic 
power which aided the power of the heart as 
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the compressed air of the tire-engine does the 
forcing pump, what would the consequence 
be of a hole in the side of the vessel ? Would 
not the elastic tube contract in consequence of 
the distention being diminished? The facility 
of escape having an effect upon the fluid similar 
toa diminished impulse. The reverse I hold. 
to be the case in living vessels. An artery which. 
is opened becomes the most active in the whole 
system while the blood continues to flow: 
hence bleeding from a distant vessel tends to 
stop the hemorrhage froma wound. But. we 
require something more distinct than this as- 
sertion, and which shall amount to demonstra- 
tion. ‘The bleeding from the side of an artery 
would be too quickly fatal to give us time to. 
make experiments, were we to attempt ascer- 
taining the fact in this way: but may we not 
take the case of varicose aneurism, and call it © 
an experiment without the cruelty and uncer- 


‘tainty which attend experiments. The vari- 
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cose aneurism is formed in consequence of the 
lancet in bleeding, transfixing the vein of the 
arm, and entering the artery ; the blood of 
the artery finds access to the vein; and in 
time a channel is made betwixt the artery and 
vein, by which the blood has an easy conveyance 
out of the artery back to the heart, without 
passing through the extremities of the arteries 
and veins. This, in effect, forms a perpetual 
drain of blood from the artery, without weak- 
ening the system. ‘The effect of this upon the 
artery is most remarkable; and must, I think, 
decide the question at issue. 

“‘ The trunk of the brachial artery 1s con- 
“¢ siderably enlarged all the way down the 
“arm, and its pulsation so strong, that it 1s 
“apparent to the sight; a little above the 
‘“‘ bending of the arm the artery makes a re- 
“‘ markable serpentine turn, which raises up 
the skin, and, by the force of its pulsation, 


‘‘ looks as if it were a beginning aneurism. 
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‘* But, notwithstanding the size and the force 
“ of pulsation of the brachial artery be much 
‘more considerable than in the other arm, 
“ the artery at the wrist is smailer, and its 
‘‘ pulsation much weaker.” Dr. Hunter, 
Med. Observ. and Eng. vol. 2. 

So very singular a fact was not passed over 
by Dr. Hunter: his remark 1s pertinent to 
our present enquiry. ‘‘ Whence is it,” he 
says, “ that the artery is enlarged all the way 
down the arm? I am of opinion that it is 
somehow the consequence of the blood passing 
so readily from the artery into the vein; and 
that it will always so happen in such cases : 
that it is not owing to any particular weakness 
of the coats of the artery like that in. true 
aneurism, but, is rather such an extension as 
-happens to all arteries in growing bodies, and 
to the arteries of particular parts when the 
parts themselves encrease in bulk.” I shall 
not attempt to reason on this state of the artery 
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in varicose aneurism, until I present a similar 
consequence apparently from a different 
cause. » 

When the main artery of a limb is tied, 
the branches enlarge, and, by the inosculation 
of their extremities, they supply the lower 
‘part of the limb. But, during this change, 
their encrease in size is not so remarkable as 
their convolutions. While they enlarge, they 
become at the same time ‘very tortuous. 

To those who do not give themselves the la- 
bour of thought, this change seems very natural. 
They say you stop the great channel, and 
the lesser branches suffer the pressure, and 
are enlarged. But why does not the same 
take place in amputation? Why do these 
branches diminish in the one case, and enlarge 
in the other? For if the obstruction be the 
cause of their enlargement, then they ought 
to be most enlarged when most obstructed ; 
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viz. in amputation. But the reverse is the 
case. tt 

These facts, and many others, are inexpli- 
cable, unless we admit that the limb or organ 
supplied by an artery hasan influence retrograde 
along the trunk of the artery that belongs to 
it. If we admit this, we can comprehend 
how the arteries finally contract and diminish 
after amputation by the absence of the in- 
fluence. We can.comprehend how the smaller 
vessels, taking the place of the trunk, and be- 
eoming the main supply, increase under that 
influence: and we then comprehend also, how 
in the instance of the varicose aneurism, the 
limb being imperfectly supplied with blood, 
{owing to the blood escaping by the side pas- 
sage), it excites and solicits the trunk of the 
artery the more. So that, like the vessels of a 
growing part, the artery enereases im size and. 
tortuosity. In this way of considering it, the 
hole in the side of the artery is the indirect 
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cause of the enlargement: it reduces the supply 
of blood to the fore-arm ; and the fore-arm, In 
its influence on the trunk which supplies it, 
excites that vessel in a manner which Dr. 
Hunter has finely illustrated by the compari- 
son with the artery of a growing part. - 

If any one holds his hand above his head for | 
a few seconds, he will be convinced that there 
is an accommodating power inthe arteries, to 
the difficulty of the circulation ; the arteries 
will be felt pulsating to the finger ends ; while, 
in the other arm, if it be in a horizontal pos- 
ture, there will be no pulsation, nor unusual sen- 
sation perceptible. I must suppose that if this 
position of the arm were to be continued, the 
excitement which the vessels have to activity 
-would be followed; by a permanent change 
in their curvatures; and that they would be- 
come like the arteries of the head. 

I request my ingenious reader to try this 


simple experiment ; and, when he has acknow- 
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ledged the fact, toassign areason for thischange 
in the pulsation of the arteries of his fingers. 
He will, perhaps, say that it is the easy descent 
of the blood through the veins, which permits 
an. easier discharge of the blood from the ex- 
tremity of the arteries, and, therefore, a fuller 
contraction of their coats. Let him vary the 
experiment,—let him tie a cord round the arm, 
yet not so firmly as to stop the circulation, 
and hang the arm over the bed or sofa: here 
also the pulsation will be felt to be encreased, 
and from the same cause, viz. the difficulty 
with which the circulation is performed ; an 
impediment is experienced in moving the 
blood upwards in the veins against the con- 
striction of the cord, and the arteries increase 
their action to overcome it. I might state the 
matter in form of a question,—How is it that 
the circulation is equalized in the various 
postures of the body and limbs? How is 
it equalized during exercise, or during the 
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peculiar positions and continued actions of 
artizans, or during the existence of tumors 
and morbid obstructions ? Is it not because 
the arteries exercise a power adjusted to the 
difficulties opposed to their activity ? 

In these examples I have stated a few of 
the difficulties with which they will have to 
eontend,. who bestow the whole power of cir 
culation upon the heart; difficulties too, 
which they encounter who maintain that a tor- 
tuous artery is a provision for retarding the 
circulation of the blood. If a. reason can be 
given why the blood should be retarded in 
the uterus during gestation, I shall be inclined 
to acknowledge all the other instances to have 
no force. 

To suppose that the: tortuous form of the 
artery is. an accidental consequence of the 
pressure of the blood, would be to admit an 
imperfection in the design of the animal eco- 
nomy, and to harbour»a notion which must 
prevent us from arriving at a just and true 
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estimate of the wisdom of the Creator. To 
consider the curve as design, and that, the in- 
tention is to retard the course of the blood in- 
stead of increasing the force of the arteries; 
would be-to suppose that mechanical obstruc- 
tions were interposed, where, in fact, we find 
that there is a remarkable increase in the force 
of circulation, and a growth of the part rapid 
beyond example. $5 
The very great confusion in which this ide 
ject, the circulation of the blood, has been 
left, is some apology for the easy admission of 
statements without proof. JY have of late 
observed, with great surprise, the progress 
of an opinion that arteries are not muscular. 
Against the evidence of human anatomy, 
—against the analogy of the structure of in- 
ferior animals,—against the direct evidence 
of the senses, and on the mere ground that 
some chemist. has thought he has discovered 
that there is no vwesmteewf fibrine in the tex- 
E3 
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ture of arteries; an opinion is taken up that 
the arteries are not muscular. It really ap- 
pears as if men were desirous of altogether 
disavowing and overturning the labours of the 
great men of our own country who have 
gone before them. I cannot imagine men 
possessed of any relish for philosophical en- 
quiry, or capable of pleasure in witnessing the 
exertion of genius, thus disregarding the la- 
bours of Mr. Hunter upon this subject. 

The arteries are fibrous, dilatable, contrac- 
tile; and a certain proportion of this contrac- 
tility depends on the life, and ceases with it. 

The velocity of the blood in. the different 
branches of the arterial system is not the same. 
We find parts subject to an encrease of arte- 
rial action ; we cut into an inflamed part, and 
the bleod flows with more velocity, than in the 
natural state of the body. The exercise of an 
organ in its function will produce in it a fuller 
pulsation ; its arteries*Will'Be more active, and’ 
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its blood will be driven further. If the uterus 
be examined during menstruation, it will be 
found to contain more blood, and to possess 
larger vessels. If the intestine of a dog be 
opened during the process of chylification, it 
will be much redder than at another time. 
How shall we account for the growth of 
one part of the body, and the decline of ano- 
ther, without admitting a partial encrease of 
action, and a partial diminution. How shall we 
explain the fact that we select a part that has 
been in activity tomake a minute injection of its 
vessels, and that we cannot get the fluid to run 
into parts which have long ceased to be ex-. 
cited? As this partial action of arteries can-. 
not be denied, we must also admit that it is 
their irritability, and their different degrees of 
excitement and growth which make the dif. 
ference. - | | 

The power or effect of a natural action does 


not more depend on the muscular contraction, 
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its rapidity and force, than on the entire and 
ready relaxation of its opponent muscles. 
Without this, the limb would be rigid in spasm, 
not powerful in its effects. ‘Io come nearer 
in the analogy to the arteries, the relaxation 
of the heart is quick and complete in propor- 
tion to its natural and lively contractions. 
This we see in the heart, and must imagine 
io take place in the artery. The phenomena 
which I have described, as exhibited in the 
change of the artery, authorize the conclu- 
sion, that when an artery is excited, it is not 
only excited to rapid and unusual contraction, 
but also to sudden and complete relaxation in. 
the intervals of that action. Grant.that the 
influence is to promote relaxation as well as 
contraction, and: every thing is plam. We 
then see how an artery admits of partial. in- 
erease of pulsation; how the carotid system, 
tor example, will partake of excitement: then 
comes a beating of the artery in the neck,, a 
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pulsating pain of the temple, tension across the 
forehead, flashing of the face, animation in the 
eyes, flashing of light, and singing in the ears, 
while the hands and feet are cold. Then 
also the rapid growth of certain. parts of the 
body beyond others can be explained when they 
encrease either in the natural or diseased state.. 

I shall here endeavour to state the argu- 
ment shortly : | 

1. A tortuous artery is a more capacious 
artery. Hunter and Blumenbach, and others, 
have observed. the diameter of the artery to- 
encrease as it recedes from the heart; and 
this to be particularly the case in the vessels 
of the testicle and uterus, &c. 

2. The artery being encreased in length and. 
in calibre, it must contain more blood, and, 
therefore, act upon more. 

3. If the muscular coat of an artery be 
greater the further, it is distant from the heart, 
and if the muscularity of an artery be the 
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more the longer it is, so must the muscularity — 
of a tortuous artery be greater than that of a 
straight one. ‘The tortuous artery, therefore, 
acts with more force. {i 

4. The further an artery 1s from the heart, 
and the nearer it approaches to its destination, 
the more it becomes under the influence of 
the part. or organ ; it 1s involved in the same 
nervous tissue with it; and subject to the 
same excitement. Therefore the power which- 
the tortuous artery possesses, will be more 
under the influence of the part to which it 
goes. limag wegec 

5. The excitement of a hollow muscle does 
not consist merely in contraction, but in the 
free and ‘perfect relaxation which follows the 
contraction. 

The conclusion is, that a tortuous artery is 
more capacious, more active; that its activity 
is more under the influence of the part; that 


n its activity it dilates more freely, as well as 
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contracts more powerfully. In other terms, 
an artery, in proportion to its tortuosity, be- 
comes less dependant on the force of the 
blood transmitted from the heart more on the 
excitement of the organ which it serves. 

Returning with these views to our subject 
of tortuous arteries, it will not appear para- 
doxical if we say that the tortuous arteries 
both retard and accelerate the blood. For sas, 
by experiments on dead tubes, it appears that 
a curve retards the course of fluids, and, as it 
as certainly appears, that in the living frame 
a tortuous artery is employed to encrease the 
force of the circulation, we may conclude,— 

1. That when the tortuous artery is not ex- 
cited, it retards. 

2, That when it is-excited, it accelerates the 
fiow of blood. 

And now looking to the organs of the hu- 
man body which have an occasional remission 


of their activity, or which have an occasional 
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all for an increase of their function, we find 
that they are all remarkable for the tortuous 
form of their arteries. 

1. The uterus in the interval of menstrua- 
tion requires only to be kept alive ; its vessels 
are in a quiescent state. But when the period 
returns, it swells, becomes more vascular, — 
redder, an acme of arterial pulsation ensues, 
the menses flow, and then there is a subsidence 
of the action. If impregnation takes place, the 
excited action continues, the increased tortu-. 
osity becomes more obvious, and exhibits a 
‘singular congeries of twisted vessels. On de- 
livery, the.whole uterine system sinks again 
into its passive state. . 

2. The testicle in all:animals is an organ of 
occasional activity. For the performance of 
its office there is required a sudden increase of 
vascular activity, while it is as obvious that 
this: activity 1s not constant or uniform. It is 
an organ in a remarkable manner’ set aside 
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from the general tide and force of circulation, 
and is particularly inactive, unless excited. ' 
Accordingly the vessels of the testicle are 
tortuous in an extraordinary degree. The 
artery comes from the aorta high in the ab- 
domen, and runs a course -at first straight, 
but, bye and bye, it forms certain curves : 
these turns, as the artery is traced downwards, 
become circles, and, as it approaches the testi- 
cle, it is so twisted as to form a body of a 
pyramidal shape, consisting entirely of convo- 
-Juted vessels ; and finally it dives into the body © 
of the testicle, the branches being still tortuous. 
3.1 might here take the instance of the 
splenic artery, which is very remarkable for 
its tortuous form; and, it will beyranted, that’ 
the parts to which it is sent, the stomach, 
the spleen, and pancreas, are occasionally 
excited ; they are subservient to digestion ; | 
and, therefore, subject to temporary increase 
of action in the natural and healthy economy. 
ooo 
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4, But, in truth, it holds universally that 
an artery becomes tortuous as it approaches 
‘ts destination. Let us, for example, take 
two lymphatic glands, one seated near the 
heart, another in the thigh: in both, the branch 
of the artery which dives into the substance 
of the gland, advances to its destination by — 
twisting and turning, and the curves, are the 
more remarkable the nearer it approaches. to 
the gland. In the tortuous form of the ar- 
teries of the two glands no difference can be 
observed, Can we believe that the heart is 
made. too powerful for the system, and that its. 
impetus, even.at the extremities of the arteries, 
requires. to be counteracted’ by some mecham~ 
cal hinderance? | 

Is it not obvious, on the contrary, that as 
an artery approaches, the part to which it is. 
destined, it becomes more under the excite- 
ment of that part? and that, in order to mini- 
ster tothe organ to which it is destined with- 
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blood, it is made tortuous, and, consequently, 
more muscular and active. _ 
Comparative anatomy affords a confirmation 
of what is here advanced from the human 
anatomy. In brutes the muscles of the most 
powerful action, as those of the jaws of the lion 
and tiger, are supplied with tortuous arteries. 
Undoubtedly those arteries, by the superior 
‘power they'are capable of exerting, serve to con- | 
tinue the circulation and the supply of blood to 
the fibres. For the fibres and fasciculi would 
otherwise, duritig their state of action, com- 
press the vessels, and diminish that force of 
circulation, on the continuance of which the 
irritability or power of the muscle depends. 
An atlempt has been made to connect the 
tortuous form of the arteries which supply the 
muscles of the tardigrade animals with the 
slow motion of their muscles. But the circum- 
2 
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stance to be explained is not the slow motion, — 
but the long continued action of the muscles 
of these animals. The animal, with such a 
construction of the circulating apparatus of the 
muscles of the anterior extremity, will conti- 
nue hanging by the branch of a tree during 
the whole night. ‘ 
From these views of the subject, a ques- 
tion naturally arises,—W hat purpose does the 
tortuous form of the arteries of the brain serve, 
and what is the use of the rete mirabile ? 
The tortuous form. of the vessels of the 
brain m some measure cuts the organ off, and 
secures it against the irregularities of the cir- 
culation; such, for example, as that sudden 
impetus which the blood in the arteries re- 
celves from the violent exertion of the trunk 
and limbs, and which will be explained in 
the third division of this Essay. At the 
same time, the tortuous form of the arteries — 
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of the bram places them rhore under the in- 
fluence of that organ, 80 as to measure the 
supply of blood according to thé exercise of 
the function. 

As to the rete mirabile, that convolution of 
vessels formed by the cerebral artery before 
entering into the brain of somé brutes, it 
serves thé éame purpose, but in a superior 
degree. An animal with long legs, and, con- 
_ sequently, with a long feck, must have the 
circulation of the brain subject to sudden and 
remarkable changes, as it raises the head, or 
hangs. it in grazing. By the rete mirabile the 
brain: depends on its OWn éxcitement for its 
supply of blood, and becomes indépendent of 
the position of the head. An animal rémark- 
able for the sudden changes fron reposé to 
activity, and for the highest degree of exertion 
when excited, (as the lion,) péssesses, by this 
mechanism, both @ means of saving the organ 
from the shocks and suddén changes to which 

G3 
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its circulation is exposed during its extraordi- 
nary activity, and yet a means of sustaining 
the vigorous circulation in. the: brain to a 


degree commensurate to the state of animal 
excitement. 


Am I not borne out in saying that physiolo~ 
gists have overlooked the most obvious things,. 
to encounter extraordinary difficulties? The 
tree of the arteries presents the most simple 
explanation of the forces circulating the blood.. 
Here we see branches of different. lengths.and. 
curves, and which, therefore, receive the blood. 
from the heart. with different. degrees of force. 
But this mequality is corrected by their own. 
powers: for as they possess a second power,, 
and, as that power is greater in proportion: 
to their lengths, they equalize the circulation,. 
giving to every part, whether near to or re- 
mote from the heart, its proportioned foree of. 
circulation, If the.part to be supplied be near 
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the heart, the impulse from the heart is ereat= 
est; if it be remote, the impulse from. the 
arterial contraction is greatest. 

Again, in supposing that the force of 
the heart moves the extremity of the toe 
loaded with a hundred pounds,, they have 
forgotten that the weight of a few pounds wiil 
stop the pulsation at the grom. If they had 
thought of the tying of an artery with a 
hair,.or of the compression of it with the point 
ef the finger; or of the delicacy of the 
valves and coats, would the force of the heart 
ever have been estimated at one hundred and 
eighty thousand pounds? The calculation of 
the force exerted by the: heart: in. raising a 
weight placed upon the foot has been.a favourite 
theme : and:if we could admit:that the power 
ef the heart: was equal to the effect, we should 
be forced perhaps to admit the extravagant 
conclusions which have been drawn from this 
experiment.” But it is altogether a delusion. 

. I shall first state the fact and the form of the 
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_argument. When one leg is twisted over the 
other knee, and the foot is held suspended, a 
distinct pulsation is perceived m the toe, and 
the toe will pulsate and rise, although the foot 
be loaded with a hundred pounds. Now here 
the whole power of the heart cannot be ex- 
erted, for itsforce is divided to the head, to 
the arms, to the legs; so that, at the most 
favourable calculation, it is a fifth part of the 
natural force of the heart which moves the 
leg. In the next place, the leg is here as a 
lever of the third kind: the moving power is 
the artery behind the knee joint ; it moves the 
weight upon the foot in proportion as its dis- 
tance from the centre of motion in the knee 
joint is less than the distance of the céntre 
from the weight. How much, therefore, must 
the weight of a hundred pounds be encreased. 
in its pressure upon the pulsating vessel? 
Yet the vessel throws it up! the heart dis- 
tending the vessel, with but a fifth part of its 
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power, throws up this accumulated weight! ! 
truly then the foree of the heart is beyond 
calculation. What must it be at the aorta? 
What can withstand it? This consideration 
alone should have led to the re-examination 
of the presumed data, the grounds of this 
reasoning. j 

First, then, we find that at most a few 
pounds will stop the pulsation of the crural 
artery at the groin. In the next place we 
find, ‘that if the knee be supported upon a 
small pad placed betwixt the ham-strings, or 
if the knee be suspended by grasping the con- 
dyles of the femur,’there will-be no pulsatory 
motion of the foot, although the leg hangs at 
right angles with the thigh; farther trials 
will show that the fleshy bellies of the muscles 
of the calf or ham must rest upon the knee 
to produce the effect contemplated. If the 
experiment be made with the arm, the same 


circumstances will be observed: when we rest 
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the elbow on the table, and bend the fore-arm 
to aright angle with the arm, no pulsation 
will be seen; but if the flesh of the arm rest 
on the back of a chair, so as to compress the 
veins, and make the bellies of the biceps and 
triceps press against the support on which ~ 
the arm is extended, then the hand and fingers _ 
will pulsate like the foot in the other instance. 
But if the arm be made to press in such a 
manner that the trunk of the artery is com- 
pressed, and not the bellies of the muscles, 
then there is no pulsation observable in the 
hand and fingers. It follows, that we are 
wrong in supposing the motion of the foot 
is owing to the popliteal artery changmg 
from the curved towards the straight lme; or 
in supposing that it is the attempt of the 
current of blood to force itself against the 
compressed artery. It is not the popliteal or 
the brachial artery which throws up the limb ; 


it is the pulsation of the smaller arteries 
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within the fleshy substance of the limb, that 
produces the motion. ' 

This fact leads to a very different view of 
the subject; imstead of estimating the power 
of the heart, we are induced to look to the 
arteries. The experiment. being accurately 
made, will also prove that the pulsation of 
the carotids, and the motion of the foot, are 
not synchronous. If we divide the time 
of the pulse inte three portions, we shall have 
the pulsation of the carotid in the beginning 
of the first period, the pulsation of the foot 
in the beginning of the second period, and 
the recommencement of the pulsation of the 
carotid in the end of the third period. This 
farther countenances the belief, that the mo- 
tion of the foot proceeds from the smaller 
branches, and not from the pulsation of the 
trunk ; acertain portion of time being required 
before the impulse from the heart reaches the 
extreme arteries, But a farther question 


72 


arises here: when the impulse is conveyed 
along the artery, from the heart, is it assisted 
by the contraction of the artery, and is there 
a succession of contractions in the arterial 
coats from trunk to branch, and bearing an 
accurate relation to the time that this impulse 
is received. If this be the case, then must 
the pulsation in the extreme arteries be not 
solely that received from the heart, but an 
accumulated arterial impulse also. 

But whether this be admitted or not, if it 
be eranted that each of the small. arteries 
possess a certain degree of power, however 
small; yet when we enumerate the branches 
of an artery in the belly of a muscle, and 
calculate the amount of their combined 
forces, we shall discover a source of power, 
commensurate to the effect we have witnessed 
in the elevation of the foot, even when loaded 
with an additional heavy weight. | 
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PART Ill. 


WHEN we have persuaded ourselves that 
we have arrived at some just notions of the 
powers circulating the blood, and have m 
imagination placed the frame of the human 
body before us, and contemplated the various 
results from the circulation of a living fluid_: 
our conception of these wonders is imperfect, 
until we see the body in activity, and witness 
the effects upon the blood, of the change trom 
repose to exertion. 

The instant that a man becomes animated, 
or starts into exertion, the motion of the 
blood is thrown into disorder. There is no 
Jonger the measured activity of the heart, and 
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the gentle and equable motion of the lungs. 
The whole vital organs suffer the nature of a 
revolution. Is this an error or an imperfection 
in the frame-work ? Far otherwise; out of 
this agitation, and seeming irregular violence, 
come additional means for sustaining the ac- 
tivity of the body. It is like those changes / 
in nature, storms and tempests, and extrémes 
of heat and cold, which seem the forerunners 
of misfortune, but which rémove whatever is 
‘stagnant and noxious ; preserving all nature 
in healthful activity. | 

~The valves of the veins ‘are provided for 
the exercise of the body ; through them' the 
pressure of the muscular frame-work, when 
employed in walking, running, leaping, ‘or 
any sort of exertion, becomes ‘a power addi- 
tional to that of the heart ‘and ‘arteries in 
circulating the blood. While ‘the veins are 
“tubes, conveying Back ‘the blodd “which ‘Wa’ 
bas out by the arteries from the heart, they 
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are, from their capacity and their numbers, 
also reservoirs of the blood which moves 
through them languidly. The veins are 
compressible by the muscles: this compres- 
sibility is so far from being an imperfection 
in the apparatus of the circulation (an opinion 
too hastily received), that it is attended with 
the most happy result; since through this 
effect solely, there is ever preserved an 
equality betwixt the force and rapidity of circu- 
lation and the muscular exertions. 

Without the valves of the veins, which 
hinder the blood from moving retrograde, 
the pressure of the muscles would not effect 
this purpose of throwing the blood in en- 
creased quantity upon the heart; the blood 
would be forced by exertion to the extremi- 
ties, 1ustead of towar ds the centre of the cix- 
culation. The observations of those who 
preceded Harvey went thus far; and Fabricius 
distinctly says, that the valves of the veins 
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were to prevent the blood from being forced 
outwards upon the extremities during exer- 
tion. They can bestow no additional activ ity, 
they only direct the impulse received from the 
muscles of the extremities towards the heart. 

The heart assumes an activity proportioned 
‘to the blood which: it receives; and the lungs, 
always in sympathy with the heart, partake 
of this activity and the respiration is encreased. 
The office of the lungs is to render the blood 
capable of supporting the life of the body, 
and in an especial manner the irritability of 
the muscles ; now the motions: of respiration 
are in proportion to the quantity of blood 
which has been compressed from the veins, 
and placed under the more active operations 
of the heart and arteries. It is thus that an 
activity is given to the Peoulation; and con- 
sequently the means of supporting the irri- 
tability of the muscles, in the propor tion to 


its expenditure in exertions. 
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‘Che cirele of operations is in this succes- 
sion; the muscles compress the veins; the 
heart 1s distended with blood; the lungs are 
excited by the state of the heart, the activity 
of the circulation and the respiration is thus 
promoted; and the effect is, that the circula- 
tion in the muscles is enereased, and their 
irritability thereby supported. 

The action of the muscles has not only an 
influence ‘m sending back the blood to the 
heart, but also in accelerating the flow of blood 
outwardly through the arteries. In perform- 
ing an operation on an infant, or trying to 
suppress a hemorrhage from a drunk man, | 
have witnessed, with surprise, the additional 
force given to the jet of blood from an artery 
durmg the moment of exertion. 

It is fortunate that we can have recourse to 
the account of expaviiiients made by a man of 
veracity, instead of repeating hateful experi- 
ments on dying animals. When Hales was 
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attempting to estimate the power of the heart 
by attaching glass tubes to the arteries of a 
horse, and admitting the blood to rise into the 
tube, he observed that an occasional variation 
took place in the length of the column of 
blood; and this not attributable to the force 
of the heart, but to the exertions of the crea- 
ture. He saw, even in the moment of its ex- 
piring, that the blood rose remarkably in the 
tube ;. and that.on stopping the nostrils of the- 
animal, the blood rose five inches ; that it rose 
considerably and suddenly on. the animal 
drawing a deep inspiration. 

Hales observed accurately, but he drew a 
wrong. conclusion.. He thought this additional 
~ rise in the column of blood was owing to the 
dilatation of the lungs, and the greater free- 
dom with which the blood passed from the 
right to the left side of the heart. On the 
contrary, we know that, during a struggle, 
there is a greater difficulty in the circulation 
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through the lungs. The true explanation of 
this effect, must be derived from the observa- 
tion of the manner in which the heart and 
great vessels are guarded, by the tension of 
the membranes which are around them; and 
which tension is encreased in a remarkable 
manner during the violence of corporeal ac- 
tion; without which, indeed, the heart would 
be overpowered by the blood sent in upon it; 
and by which the additional force of the ab- 
dominal muscle and diaphragm, is still em- 
ployed in accelerating the blood in the course 
in which it ought to flow. 


In this review of the forces circulating the 
blood, by giving to the vessels, and to the 
membranes surrounding the heart, their due 


importance, the Author has somewhat dimini+ 


ne heart's action, and re- 
duced it to the regulation of the general cur- 
rent of the fluids, and the action of the lungs 
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wm connection with the circulating system. 
When we reflect that the blood of some crea- 
tures circulates without a heart, and see ace- 
phali born without a heart, yet fully nourished, 
—andavhen we see the aortic system of fishes 
removed almost outof the influence of the heart, 
__and when we see that the heart of all animals 
is placed im juxtaposition, and in accurate 
sympathy with the lungs,—it is impossible to 
refuse assent to the proposition, that the 
arteries possess the chief power in circulating 
the blood through the corporeal system ; and 
that the heart is rather the regulator than the 
prime and efficent cause of the circulation. 
And by this it is not only meant that its 
state of excitement and activity commands and 
draws after it the motion of the blood gener- 
ally, but that it regulates the actions of the 
lungs, in exactly according with the state of the 
blood and the necessities of the system. 

The Author has shewn that the irregularity 
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in the demand of remote parts for blood cannot 
be answered by the acceleration or diminution 
of the heart’s action ; that the principal organs 
of the system have a provision for that partial 
encrease of activity in their vessels: which does 
not disturb the general economy, nor call for 
the action of the heart. He thinks he has 
shewn that the object could not be effected 
by the encrease or diminution of the heart’s 
activity ; and that if the endowment and vital 
properties of the organs were entirely depen- 
dent upon the general force of circulation, and 
not on the capacity of their own system of 
vessels, to encrease or diminish the force of 
the blood : life would be held by a still more 
precarious tenure than it is: the vital action 
would interrupt the general system, and the 


i mental, and even cor- 


agency of passion, an 
poreal activity, would aisturb the economy of 
the organs essental to life. 


For entering on this subject he has already 
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offered the apology, that he felt himself 
obliged to do so by the nature of his daily 
occupations. But surely there is another and 
better reason in the nature of the subject itself. 
To ascertain the difference between fluids 
moving in pipes, and according to the laws of 
extended nature, and the circulation of fluids 
in the vessels of living beings, must be an im- 
portant part of science. It is interesting to . 
him who loves to take an extensive survey of 
nature, and very important to the student who 
is about to devote himself to the survey of 
animated nature, to perceive, by these proofs, 
that there are new principles and new laws to 
be studied. By the novelty of this enquiry, 
» fo some, it may prove the occasion of opening 
-those sensibilities to the works of nature which, 
by habit of inattention, have been lost to 
things seen in the more familiar path of ex- 
astence. To contemplate with the microscope 


the circulation of the blood in minute vessels, 
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makes the head giddy, so surprising is the 
rapidity of the globules of blood; and on 
raising the head, and calmly considering the 
matter, the surprise does not cease: we have 
surveyed a new world, where the velocity and 
seeming impetus have no sufficient cause, and 
to which the laws of things hitherto familiar 
do not extend. 


THE END. 


J. M'Gewan Printer, Great Windmill Street. 


"ha ee AR tae a scales was 
ways angwl ie eaperuany eet anton Rais 


* sbtalt th. Bogie elt EC ae’ eAOE 
Gitasiett : edhe EBT ‘See ae” 


<> 


eee iokicie —— Rs 


POWERS 


OF THE 


ROOTS OF THE NERVES, 


IN HEALTH AND IN DISEASE. 


ON MAGNETIC SLEEP. 


BY 


HERBERT MAYO, F.R:S. 


SENIOR SURGEON OF THE MIDDLESEX HOSPITAL. 


« 


LONDON: | 
JOHN W. PARKER, WEST STRAND. 


M.DCCC.X¥XXVILI. 


POWERS 


OK THE 


ROOTS OF THE NERVES. 


Tue immediate cause of my putting forth the 
following exposition of my views of the functions 
of some of the most important parts of the nervous 
system, has been the publication of Mr. Grainger’s 
treatise on the structure and functions of the Spinal 
Cord, followed by, to me, some very interesting 
conversations which, after my reading that work, 
took place between Mr. Grainger and myself. I find 
that, in my former writings, (in which I have pro- 
bably, too much studied conciseness,) I have failed 
in stating my opinions upon the points referred to, 
so clearly as to prevent their being misunderstood. 
I have, therefore, determined to re-state them in a 
more perspicuous manner, and apart from the 
inquiries with which, in my former works, they 
are mixed up. I may mention that I should pro- 
bably have hesitated to intrude a recapitulation of 
the following views of these subjects upon the 
AZ 
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physiological reader, but that I believe them to be 
susceptible of various practical applications; and 
to form the basis of that true theory of the 
nervous system, which several sensible men in 
my profession have recently told me they anti- 
cipate will be discovered before long. 


I wish the reader to conceive that the nervous 
system of man, and of all vertebral animals, con- 
sists of the following parts:— 

First, of a pousLe corp of nervous substance, 
giving origin laterally to pairs of nerves. 

The longest and thinnest part of this double cord 
is in the vertebral canal, and is called the spinaL 
CORD. 

The rest of the double cord is in the cranium, 
the part of which immediately continuous with the 
spinal cord is called the mepuLLa optoneata; the 
part beyond that, being its higher or anterior 
terminus, is called the rupercirs, THALAMI, and 
STRIATED BODIES. | 

Nerves rise in pairs from the whole length of the 
double cord. Those which rise from the spinal 
cord are called spina NERVES; those which rise 
from the medulla oblongata, tubercles, and striated 
bodies, are called cerEBRAL NERVES. 

The nerves, in reference to consciousness, it was 
discovered by the independent researches of Sir C. 
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Bell, M. Magendie, and myself (each having con- 
tributed his separate share to the result,) are of 
two kinds, and of two kinds only, one senTIENT, or 
of sensation, the other vorunrary, or of the will. 
The consideration of the other functions of these 
nerves, and of the nature and office of the sym- 
pathetic nerve, I exclude from the present essay. 

Secondly, of hemispherical masses, called the 
CEREBRUM and CEREBELLUM, which are placed on 
the upper parts of the double cord,—that is to 
say, on the medulla and tubercles, of which they 
are, In one-sense, direct productions. These parts 
donot originate nerves; but it should be remarked 
that the tubercles and striated bodies, in addition 
to originating nerves, are implicated in the struc- 
ture of the cerebrum. 

Now, not to go further back than the time of 
Whytt, for the dawn of sound knowledge upon 
the physiology of these organs, it appears that the 
opinion then prevailed that the lower mental en- 
dowments were, in some sort, so generally diffused 
through all these organs (and, indeed, through 
other parts of the body,) that when an animal is 
cut in pieces, each portion for a time retains a 
certain share of consciousness. | 

“We shall recite,” says Whytt, “a few experi- 
ments and observations, from which we are led, by 
analogy, to conclude that the motions of the sepa- 
rated parts of animals are owing to the soul, 
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or sentient principle, still continuing to act in 
them *.” 

‘A frog lives, and moves its members, for half 
an hour after its head is cut off,—nay, when the 
body of a frog is divided in two, both the anterior 
and posterior extremities preserve life and a power 
of motion for a considerable time.” —(Quoted from 
Kaau.) 

‘The bodies of vipers not only move two or 
three days after they have been deprived of their 
skin, head, heart, and other bowels, but are also 
manifestly sensible of punctures, by means of which 
they may made to move with great vivacity.”— 
(Quoted from Boyle.) 

I select these from many passages in the writings 
of Dr. Whytt, in proof that that profound phy- 
siologist was well acquainted with the fact that, 
after decapitation, the body will exhibit for a time 
phenomena which resemble those of voluntary 
motion; and, in addition, that he thought those 
motions proceeded from some modification of con- 
sciousness remaining in the mutilated trunk. 


I. The first step towards correcter motions con- 
sisted in the impression gaining ground, that when 
the head is cut off in vertebral animals, all sense, feel- 
ing, and volition, are instantaneously extinguished 


* Works of Robert Whytt, M.D., quarto edition. Edin- 
burgh, 1768, pp. 203-4. 
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in the body, and that the movements, which the 
body and limbs then exhibit, are purely automatic 
or mechanical. Dr. Hall and Mr. Grainger attri- 
bute the first recognition of this principle to Sir 
Gilbert Blane*. I remember at the period of my 
early medical studies, the point now before us was 
received as an established truth, the evidence for 


* Dr. Grainger quotes the following expressions from Sir 
Gilbert Blane :—“'These facts clearly show that instinctive, 
or rather automatic, motions may be exerted, without the in- 
tervention of the sensorium commune ; and therefore without 
sensation or consciousness.” I imagine, however, that Sir 
Gilbert Blane’s views were only twilight anticipations of the 
truth. Contrast, for instance, with the preceding the follow- 
ing passage :— 

“I took a young cat a few days old, and divided the spinal 
marrow, by cutting it across at the neck. The hind paws 
being then irritated by pricking them, or by touching them with 
a hot wire, the muscles belonging to the posterior extremities 
were thrown into contraction, so as to produce the motion of 
shrinking from injury. The same effects were observed in 
another kitten, after the head was entirely separated from 
the body. In repeating this experiment, I found that when 
the spinal marrow was cut through between the lumbar 
vertebree and os sacrum, the posterior extremities lost their 
irritability, but the part below it, the tail, retained it. It 
might, therefore, be said, that the spinal marrow below the 
division served as a sensorium; but it may be answered, that 
when its head is cut off, its irritability remains, as appears by 
the motion of the ears, when pricked or touched with a hot 
wire; and as the extremities are also irritable, it will not be 
said that consciousness and sensation exist in two separated 
portions of the same body. Nor can it be admitted that sensi- 
bility and consciousness may remain in the head after separation.” 
—(Croonian Lecture by Sir Gilbert Blane.) 1788. Phil. Trans. 
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which then and now commonly given, and certainly 
of a most conclusive nature, was and is, that in men, 
whose spinal marrow is torn through, or cut 
through by accidental injuries, the lower part of 
the body, or that supplied by nerves which arise 
from the spinal marrow below the point of division, 
is totally without feeling, and cannot be moved 
by the direct volition of the patient. 


II. Supposing it, then, to have become gradually 
received, that when the spinal cord is divided, the 
part posterior to the division has no further partici- 
pation in consciousness, the next great step was made 
by Magendie, whose words I shall use to describe his 
progress in this wonderful inquiry. I beg to say, 
that—without entering into the question, whether 
this eminent physiologist has, or has not, ex- 
ceeded the justifiable limits (if any are so) within 
which the lower animals may be put to suffering, 
to verify important physiological conclusions, else 
not verifiable,—all M. Magendie’s statements as to 
matters of direct observation, and many and sur- 
prising they are, are implicitly to be relied on. I 
am, indeed, sometimes disposed to draw conclusions 
different from those adopted by him, but his state- 
ments of facts are thoroughly accurate and faithful. 

“If you remove, by successive slices, in an 
animal with the cranium opened, all the parts of 
the cerebrum, then the optic thalami, then the 
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entire cerebellum, in such a manner that the last 
section shall be anterior to the fifth nerve, the 
animal continues to have perception (conscience) 
of all the sensations which have their seat in the 
face, excepting vision. It continues to be as 
vividly affected by sounds, smells, tastes, punc- 
tures of the face, as if it had experienced no further 
injury than the loss of blood attending the opening 
of the cranium. If, for example, you pluck a hair 
of the whisker, or apply a pungent acid to the 
nose, it tries with its fore feet to disembarrass 
itself of the cause of its pain, as if it were 
unmutilated. Respiration and circulation take 
place; the movements of the body are not more 
interfered with, than if the cerebellum alone had 
been removed. And as long as the continuity of 
the fifth pair with the segment of its insertion is 
not interrupted, these phenomena continue. [| 
have seen them in hedge-hogs last more than two 
hours.” 

‘The sensibility of the trunk andlimbs has, 
besides, suffered no alteration. The animal cries 
and agitates itself, endeavours to withdraw itself 
and to defend itself, when a toe or the sole of the 
foot is pinched, equally as when the lips or the 
nose are injured.” 

“‘ These impressions on the trunk terminate (abow- 
tissent) thus at the same point with those of the face, 
and of the organs of the senses except the eyes.” 

A 3 
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‘¢ And this place of reunion of all the sensations 
of the body, except sight, is the segment of the 
lobe of the fourth ventricle (medulla oblongata). 
For a section of the cord behind the medulla oblon- 
gata, deprives the animal of the perception of all 
impressions made upon its trunk; which may yet 
be thrown into convulsive action, without the 
animal’s perception being excited, or its uttering a 
cry; while, during these convulsive actions of the 
hinder part of the body, pricking its face causes it 
to do so.” 

‘“‘ But the whole extent of the medulla oblongata is 
not equally the seat of this perception. If behind 
the insertion of the fifth pair, and on one side only, 
the upper fasciculi of the medulla oblongata are 
divided, the phenomena above described are not 
reproduceable on that side, the perception of all 
the sensations before excitable continuing on the 
other; on the other hand, dividing the lower part 
of one half of the medulla oblongata, does not pre- 
vent perception of sensations excited in the face. 
Thus the intermediate parts of the medulla oblon- 
gata are neither conductors (to the other side), nor 
are they the seat of perception, which, besides, seems 
to have two centres (one for each half of the face 
and body). For the division of the mght half of 
the medulla oblongata allows perception to remain 
on the left side, and vice versa. After thus looking 
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to the transverse limits of these centres, we may 
examine the longitudinal limits. The limit in 
Jront appears to be the roots of the fifth pair*.” 

The conclusions of Magendie and Desmoulins, 
drawn from the preceding and other similar facts 
are, that ‘‘ Ir is IN THE MEDULLA OBLONGATA THAT IN 
ALL (VERTEBRAL) ANIMALS THE PERCEPTION OF ALL SEN- 
SATIONS, EXCEPT THAT OF SIGHT, TAKES PLACE; and 
in addition, in which resides, in reptiles, the faculty 
of determining or of willing}.” 

The reader will not fail to observe the singular 
superiority which is in this passage attributed to 
the medulla oblongata of reptiles. The following 
quotation throwsa clearer light upon this supposed 
difference between reptiles, and other vertebrata. 

“In frogs, toads, vipers, and snakes, not only does 
the perception (la conscience) of sensation survive 
the destruction of the cerebrum and cerebellum; 
but the animal lkewise continues to determine 
and to will, which a mammiferous animal (so 
mutilated,) does not do. The faculty of willing 
and of determining resides then, at least in part, in 
the medulla oblongata in all reptiles, since it mani- 
fests itself when there is no longer a brain. This 
force evidently has not the same seat in mammalia. 
But since these two forces have not the same 


* Magendie et Desmoulins, des Systémes Nerveax des 
Animaux a Vertebres, p, 560. 


+ Magendie et Desmouling, op, cit. 575, 
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locality, and that one may exist without the other, 
they are not identical. To will and to determine, 
are then another (a separate) phenomenon, to 
having the perception of a sensation*.” 


III. Magendie thus had enunciated and experi- 
mentally shown the importance of that part of 
the medulla oblongata, in which is the roor of 
the fifth nerve, to the perception of all sensa- 
tions, but those of sight, (in this exception he was 
wrong.) And I have not hesitated to attribute to 
him all the honour of this discovery; although 
other evidence had led physiologists to approach 
to such a conclusion. The evidence to which I 
allude, is that which the history of infants, born 
without either cerebrum or cerebellum afford: of 
these, the most satisfactory was communicated to 
the Medico-chirugical Society, by Mr. Lawrence ; 
and some time anterior to Magendie’s experiments, 
in an article in the Hdinburgh Review, written, I be- 
lieve, by the late Dr. Gordon, the general conclusion 
had been drawn from that case, which Magendie 
arrived at by experiment; namely, that the cere- 
brum, cerebellum, and tubercles, are not necessary 
to sensation. 

In the second part of my “‘ Anatomical Commen- 
taries,” (p. 138,) published in 1823, there further 
occurs this passage, showing a still closer approxima- 


* Magendie et Desmoulins, op. cit, p. 566, 
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tion to Magendie’s inferences. ‘From the history 
of acephalous infants, which have survived their 
birth for a short period, it appears that movements 
resembling instinctive movements, have been per- 
formed by human beings in which the cerebellum 
and the hemispheres of the cerebrum were want- 
ing.” I beg to observe that, by instinctive move- 
ments, I meant then and now, certain movements 
following sensation, and executed by the will. So 
(p. 136,) I have defined instinct to be “an arbitrary 
connexion between certain internal feelings, and 
the will to execute particular movements.” 

But the consideration of all these facts, and of 
Magendie’s experiments, led me gradually to adopt 
a larger view, and as I conceive it to be, a Juster 
conclusion*. I believe the segment of the medulla 
oblongata in which the fifth nerves arise, (or as 
I have here more loosely phrased it, the roor 
of those nerves,) to exert an influence, not only 
downwards, along the spinal cord, but upwards, 
likewise, towards the brain: I believe that the 
participation of every part of the nervous system in 
consciousness, depends upon its continuity by nervous 
substance with that segment. I believe, that the 


* I pass over Magendie’s mistake, as to the sense of smell 
not being destroyed, when the cerebrum is removed; and the 
distinction that he draws between the importance of the me- 
dulla oblongata in reptiles and in the higher vertebrata, which 
is unfounded, the same law, as I conceive, regulating both. 
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organs in which thought and reflection are seated, 

namely, the cerebrum and cerebellum, are as much 

dependent for the continuance of their functions 
on their continuity with the upper part of the 
medulla oblongata, as are those of the organs of 
sensation and volition which exist in the spinal cord. 

The experimental facts, upon which I build 
these conclusions, are indeed variations only of 

Magendie’s experiments, and they depend, in part, 

for their force in the argument upon analogical 

considerations. 

a. The cerebrum and cerebellum being removed 
from a living frog, the mutilated animal was 
alive and conscious, drawing its limbs up 
under it, moving them all harmoniously, 
when disturbed, like the acephalous human 
infant. 

b. The head being cut off from a frog, the body 
preserved its irritability, so as to move on the 
skin being irritated; but the limbs were not 
then moved harmoniously; nor did the animal 
gather itself up, as in the preceding instance, 
nor its parts appear to have a common prin- 
ciple of action. But the head appeared con- 
scious. This was still better seen in the 
head of a turtle; it remained perfectly sen- 
tient, and capable of voluntary motion. 

c. When, in the first animal, the upper part of the 
medulla oblongata was lacerated, the animal 
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became reduced to the state of the trunk of the 
second: consciousness had been extinguished. 

d. When, in the head of the second animal, (or in 
the head of a decapitated turtle,) the upper 
part of the medulla oblongata was lacerated, all 
signs of sensation and life vanished instanta- 
neously. 

e. When, ina healthy frog, otherwise unmutilated, 
the upper part of the medulla oblongata (the 
root, or place of origin, of the fifth nerve 
namely) was lacerated, both the head and body 
were simultaneously and instantly deprived of 
consciousness, at least of all movement that 
can be reasonably supposed to prove the con- 
tinuance of consciousness. 

Reasoning upon these facts, Iam not disposed 
to conclude, with Magendie, that the upper part 
of the medulla oblongata is the seat of sensation, or of 
sensation and volition jointly; for, by the same pro- 
cess of reasoning, I must conclude, that the medulla 
oblongata is equally the seat of thought, delibera- 
tion, desire—to the manifestation of which by the 
cerebrum and cerebellum, the continuity of those 
organs with the medulla oblongata is not less ne- 
cessary. Instead of adopting either of these con- 
clusions, I think that the logical deduction from 
the facts which I have adduced, and others parallel 
to them, amounts to this only—that the spinal cord 
has no part in consciousness, and that the cerebrum 
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and cerebellum are equally excluded from their part 
im consciousness, when they are separated from the 
medulla oblongata. We may deduce that the con- 
currence of two organs is necessary to the perform- 
ance of a class of functions, from evidence which 
may be totally insufficient to prove what part ot 
those functions is performed by each. 


IV. The next step consisted in ascertaining 
what powers reside in the different parts of the 
double cord, independent of the vitalizing influence 
of the medulla oblongata. 

In the year 1823 I made this experiment (one 
of a series by which I determined the source of the 
actions of the iris in birds). The head of a pigeon 
being cut off, the upper part of the cranium was 
immediately, but without violence, removed with 
a sharp scalpel, the cerebrum and cerebellum were 
then likewise removed, and the medulla oblongata, 
leaving the tubercles only, which were in connexion 
with the eyes by means of the second and third 
nerves. (Now, the third nerves I had already deter- 
mined to be the motor nerves of the iris.) I then 
divided the optic nerves;—when I found, upon 
pricking the end of the optic nerve adhering to the 
tubercles, that the iris contracted. J had irritated 
the nerve of sensation (now extinct,) and the im- 
pression conveyed to the tubercles had excited there 
some change, which led to a motive impulse being 
propagated through the third nerve to the tris. 


ROOTS OF THE NERVES. 7 


I compared the result of this experiment made 
on nerves and their roots on the cerebral side of 
the medulla oblongata, with similar experiments 
made upon the nerves arising on the other side of 
the medulla oblongata, that is, from the spinal 
marrow, and I viewed them as one phenomenon. . 
The general conclusion from these observations I 
stated in the following words in 1823 :—“ An 
influence may be propagated from the sentient 
nerves of a part to their correspondent nerves of 
motion, through the intervention of that part alone 
of the central organs of the nervous system to 
which they are mutually attached. Thus, in ver- 
tebral animals, in which alone the fact is question- 
able, when the spinal cord has been divided in two 
places, an injury of the skin of either region is 
followed by a distinct muscular action of that part. 
Again, if the brain is quickly removed from the 
head of a decapitated pigeon, excepting only the 
fore-part of the crura cerebri, together with the 
tubercle and second and third nerves, on pinching 
the second nerves the iris contracts.” 

In connexion with these observations, I per- 
ceived, and explained the law which regulates the 
origin of nerves. In vertebral animals, in mol- | 
lusca, in the articulata, and in the higher radiata, 
“* the nerves of sensation and motion, which supply 
any given region in the body are derived from one 
and the same part in the nervous centre.” The reader 
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will not fail to see the connexion between this 
and the preceding principle. By this it was esta- 
blished, that each segment of the body is supplied 
with nerves of sensation and motion from one 
locality in the double cord; by the former it was 
shown that, under certain conditions, an impression 
made upon a nerve of sense requires that seg- 
ment alone of the double cord in which it rises to 
be perfect, to be able to determine through its 
means an impulse to muscular action, that is thence 
propagated along the motor nerve. 

Another point, however, still was wanted—it 
was necessary to determine whether any connexion 
existed independently of the vitalizing segment of 
the medulla oblongata, between one segment of the 
double cord and another. The following extract 
from the second edition of my “‘ Physiology,” pub- 
lished in 1829, will show that I had then resolved 
this doubt. The last fact mentioned in it, which, 
taken with the preceding argument, amounts to 
proof, is contained in Whytt; but I happened to 
become acquainted with it first through an anec- 
dote communicated to me by the Rev. Blanco 
White. ‘‘ The cords, which unite the nodules in 
the nervous systems of invertebral animals, we 
may presume are intended to transmit reciprocally 
the influence of the different segments of the 
nervous system from one to another. The white 
fibrous strings, which form the outside of the spinal 
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cord in man and vertebral animals, have probably 
the same office. In the experiment upon a rabbit 
above described, the division of the spinal cord in 
two places produced three independent centres in 
the nervous system. If, in a snake, the head alone 
is removed, upon wounding the middle of the body 
the neck is raised, and bent towards the point at 
which the injury is inflicted.” 

So it was proved that the parts of the uncon- 
scious body for a while display a certain degree of 
consent. 


V. The last step in the inquiry still remains to 
be considered. Ina living healthy animal, are the 
voluntary muscles ever brought into action through 
the influence of one segment of the double cord, or 
of one group of segments, with the nerves arising 
therein, independently of the medulla oblongata, 
and of consciousness ? 

The following observations, bearing upon this 
point, I extract from my ‘ Anatom. Comment.” 
No. II.p.17, published1823; speaking of the muscles 
usually considered voluntary, I observe, “ some, 
as the muscles of the trunk, of the limbs, and the 
like, are distinctly influenced by the will; in others - 
again, as the muscles of the chest, and of the face 
in the expression of emotion, the influence of the 
will is not consciously employed, under ordinary 
circumstances, to produce their action ; and a ques- 
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tion arises, whether this or some other principle 
stimulate the muscles on these occasions. Much 
may be advanced on either side. On the one hand, 
it is clear that an influence, independent of the will, 
occasionally throws voluntary muscles into action, as 
appears in tetanus, and other spasmodic disorders; 
and is shown remarkably in the physiological ex- 
periment of irritating the skin on the lower extre- 
mities, after the division of the spinal cord in the 
back, when the occurrence of action limited to the 
muscles of the lower extremities evinces that a 
connexion exists, independently of the will, be- 
tween sentient surfaces and the action of voluntary 
muscles. I have varied this experiment by divi- 
ding the spinal cord at once in the neck and in the 
back, upon which three unconnected nervous cen- 
tres exist; and the division of the skin in either 
part, (and especially at the soles of the feet in the 
two hinder portions,) produces a convulsive action 
of the muscles in that part. The same influence 
may then possibly regulate the unconscious actions to 
which these remarks relate.” 

The hypothesis which I here advanced, and so 
far maintained the reasonableness of, is that which 
has lately obtained notoriety under the name of 
the reflex function of the spinal cord. It is based 
upon the facts, which I have before mentioned, and 
had observed and reduced to one theory in the year _ 
1823, Dr. Marshall Hall, who invented the term, 
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*¢ reflex function,” has followed out the idea with 
great diligence, and has made several interesting 
and new experiments, showing /resh instances, 
parallel to my own published some years before, 
of the independent action of the segments of the 
double cord, and of their nerves. 

To myself this hypothesis, when it originally 
passed through my own mind, offered no attractions. 
I thought that the muscular actions of the human 
body in health (excepting the vital motions of the 
viscera,) were better explained, by supposing con- 
sciousness to be at the bottom of all, than by sup- 
posing volition to regulate some, and a different 
principle others. I thought that this view ac- 
corded more with the simplicity of nature, more 
with anatomical structure, more with probability. 
The following passage from Whytt, which to my 
ear rings like true metal, expresses exactly the 
opinions which J have adopted. 

‘“‘ The necessity of air and aliment commences 
with our birth; and as we are excited to take in 
meat and drink by the uneasy sensations of hunger 
and thirst, which, as faithful monitors, never fail 
to warn us when these are wanted, but imme- 
diately cease upon the appetite’s being satisfied; so, 
to prevent our danger of perishing through the 
the want of fresh air, there arises, unless the action 
of breathing be continually repeated, and new sup- 
plies of fresh air thus brought into the lungs, an 
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uneasy sensation, which may not be improperly 
termed the appxtire of breathing. | 

“Tf then an appetite for fresh air be as natural 
to animals after birth as a desire for aliment, and 
if none ever thought of accounting either for 
sensations of hunger and thirst, or for the taking 
of food consequent on them, merely from the me- 
chanical construction of the stomach, gullet, and 
fauces, without having recourse to the mind; why _ 
should we attempt to explain the action of respira- 
tion from principles purely mechanical, and deny 
the perception and operation of a sentient active 
principle to be the cause, which at first begins, and 
can after continue it? I should think that the 
analogy were too strong not to strike every unpre- 
judiced mind*?” 

“The objection against the mind’s being concerned 
in the [vital and other]+ involuntary actions, 
drawn from our not being conscious of its inter- 
posing for that purpose, is removed, by considering 
that many, even of the voluntary motions, are per- 
formed, when we are insensible of the power o¢ 
the will excited in their production. Thus, while 
in walking, we either meditate by ourselves, or 
converse with others, we move the muscles of our 
legs and thighs, without attending to it, or know- 
ing what we are doing. We are not sensible of 


* Whytt’s Works, 4to., p. 110. 
+ I have bracketed his single mistake. 
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the eyelids being kept open by the continued opera- 
tion of the will; but yet, when drowsiness and 
sleep steal upon us, we find it requires a consider- 
able effort to prevent the falling down of the supe- 
rior palpebre. The same thing is true of the action 
of the muscles which support the head. The most 
probable account of our ignorance of these things 
seems to be this; viz., that we not only acquire, 
through habit, a faculty of performing certain 
motions with greater ease than at first, but also in 
proportion as this facility is increased, we become 
less sensible of any share or concern the mind has in 
them. Thus, a young player upon the harpsichord, 
or a dancer, is at first solicitous about every motion 
of his fingers, or every step he makes, while the 
proficients or masters in these arts perform the 
same motions, not only more dexterously, but 
almost without reflection or attention to what they 
are about.” 

I am satisfied to suppose with Whytt, that in- 
stinctive actions are voluntary; that they proceed 
from sensation, and that they flow from the will, 
set In motion by a determined law. 

So in deglutition, when the morsel reaches the 
root of the tongue, I prefer to think that the lin- - 
gual branches of the glosso-pharyngeal nerve carry 
a sensation to the medulla oblongata, from which, 
by an instinctive law, a voluntary impulse is issued 
along the pharyngeal branches of the same, and of 
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other nerves, to the muscles of swallowing. I 
prefer this, and think it more likely, than that the 
process is automatic and withdrawn from the will, 
and the like. 

For all practical purposes it is evidently the 
same, which conclusion we adopt, when we have 
admitted, that in abnormal cases, there may be an 
action of the circle without sensation and volition; 
and such I assumed to be the case in the extract 
which I have last given from my “ Anatomical 
Commentaries,” in p. 20 of this essay. 

Having come to the conclusion, that sensation 
and volition, guided by instinct, regulated the dis- 
putable actions of the voluntary muscles in health, 
I followed out in detail the influence of the nerves 
of sensation in this function; I may give the re- 
sults in a passage from the third edition of my 
‘‘ Outlines of Physiology,” published in 1888, 
p. 219 ; the reader will see in it an extension of the 
original law, respecting the place of origins of nerves, 
which I had pointed out several years previously. 

‘“‘ T believe that the observation will be found to 
be correct, that nerves of motion take their rise 
from the same region or segment with those sen- 
tient nerves which transmit the impressions, by 
which their action is usually regulated. The cor- 
rectness of this remark, as it respects the spinal 
nerves, will not be disputed. In the preceding 
figure, the third and fourth nerves, one of which 
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svverns the motion of the iris, while both guide 
the eye to suit the wants of vision, are seen to rise 
near the optic; but the principle which I have 
laid down, is more strikingly illustrated by refer- 
ring to the origin and uses of other nerves.” 

‘“ We observe that the smaller portion of the fifth 
rises from the upper part of the medulla oblongata, 
close upon the greater portion; and we recollect, 
that the sense of pressure upon the teeth and gums, 
and of muscular exertion attending upon it, de- 
pends upon the latter, the muscular effort itself 
upon the former.” 

‘“We observe, that the large root of the fifth 
and the portio dura rise together ; and we recollect, 
that the delicate sense of touch upon the eye and 
eyelids depends upon the first, and the action of 
the orbicularis palpebrarum upon the second; that 
the sense of touch in the nostrils depends upon the 
first, and the action of the muscles of the nostrils 
upon the second ; that feeling in the lips depends 
upon the first, and the action of the muscles of the 
lips upon the second; and, finally, that the sensa- 
tion of these muscles, which the second sets into 
action, depends upon the first.” 

‘“‘ We observe that the portio dura rises near the . 
portio mollis; and we recollect that the motions 
of the ear depend upon the former, and the sense 
of hearing upon the latter.” 

“We observe again, that the sixth nerve rises 
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near the fifth: and we recollect, that it directs the 
eye outwards towards the orifice of the lachrymal 
gland, the secretion of which is under the control 
of the fifth.” 

“Tt is unnecessary to point’ out, in detail, how 
completely the glosso-pharyngeal and the pneumo- 
gastric nerves support the principle which I have 
endeavoured to establish. That every nerve can- 
not be arranged under it (for I know not by what 
means it can fairly be made to include the first 
and ninth) does not, I hope, render the observation 
valueless.” | 

I trust, that with the comments which I have 
thus made, the views which I have concisely stated 
in my other writings as to the elementary func- 
tions of the nervous system, and especially of those 
of the segments of origin, Or ROOTS OF THE NERVES, 
taken either separately, or in isolated groups, or in 
subservience to the medulla oblongata, will be now 
intelligible enough, and appear to harmonise with 
the theory of the remaining parts of the nervous 
system, the whole of which I have collected in the 
fourth edition of my ‘“ Outlines of Physiology.” 

I shall now proceed briefly to enumerate the 
powers of the roots of the nerves 7m disease, or the 
corollaries explanatory of symptoms, which may 
be deduced from the fact proved by my experi- 
ments added to those of older physiologists, that 
each segment of the double cord, with the nerves arising 
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from it, contains the entire mechanism of sensation, 
instinct, and volition, although these endowments 
in the otherwise perfect state of the segment are not 
manifested, unless it be in continuity with the medulla 
oblongata. 

The instances, which I have to enumerate, are 
of two kinds,—in one, the segments of origin are 
raised to a preternatural excitability; in the other, 
their force and excitability are lowered. 


I.. To the first class evidently belongs cherea, or 
St. Vitus’s dance. This malady is often met with, 
in conjunction with a state of mind perfectly steady 
and composed. It is the mechanism of motion, 
which alone is disturbed. We may conclude the 
segments of the double cord, which originate nerves, 
in it to be preeternaturally excitable. The patient 
wishes, perhaps, to nod his head, and a motival 
stimulus is deliberately sent down from the brain 
to that effect; but it falls upon highly excitable 
segments of origin; and off at once are sent, instead 
of the voluntary impulse to a single grave bend, 
fifty rapidly succeeding impulses to the muscles 
to nod the head in every direction but the right. 

Tetanus, again, as I originally concluded in 1828 
(see extract, page 20,) and as Dr. M. Hall has 
subsequently proved by an original experiment, 
consists In a sustained preeternatural excitation 
of these segments. 
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In hydrophobia, the pathognomonic symptom of 
the disease flows from the same source, irritation of 
one segment of the double cord,—that, namely, 
from which the glosso-pharyngeal and pneumogastric 
nerves arise. : 

In some forms of hysteria, the influence of the 
same principle is equally obvious. 

The convulsive attacks of infants,—spasms of the 
hands and feet, spasm of the glottis characterised 
by the crowing inspiration which attends its de- 
parture, spasmodic tension of the back and neck,— 
are equally palpable results of an iritated state of 
the segments of origin of the nerves situated in the 
medulla oblongata and spinal marrow. 


II. The occasions in which the powers of the 
roots of the nerves, or of the segments in which 
the nerves rise, are overborne, are not so various; 
I shall content myself with pointing out two. 

Sometimes the arms are palsied, or permanently 
contracted, without the lower part of the body 
being affected. In this case, the segments which 
originate the nerves of the arms have been found, 
upon dissection, wasted, while cords of white mat- 
ter have passed over them to the lower part of 
the spinal cord, the segments in which had not 
wasted, and had preserved their powers through 
the continuity thus kept up with the medulla — 
oblongata. 
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But nothing is so common as hemiplegia, or 
palsy of part, or of the whole, of one side of the 
body from cerebral disease. I think I have suc- 
ceeded in showing how all its features may be 
deduced as consequences, from principles already 
explained, assisted by the application of another 
anatomical fact, which, however disputed by some, 
and multiplied by others, is as Santorini first 
stated it. 

The segments of origin habitually excited to action 
by impulses from the brain,—receiving from the 
deliberative judgment, imagination, appetite, there- 
in residing, the motival impulse to the will,—are 
liable, as I conceive, to have their energy utterly 
subdued by influences proceeding from the same 
source. The brain, in certain states of disease or 
lesion, 18 capable of despatching a withering influ- 
ence, which strikes all power temporarily or per- 
manently out of the segments of the cord. 

Now, the channel of that palsy stroke is very 
evident, for the palsy affects the opposite side of 
the body to the side of the brain diseased. In 
other words, it moves along some channel,’ which 
passes over from one side of the brain to the other 
side of the double chord, to affect the opposite — 
series Of roots of nerves. But the only channel 
which so crosses over is the anterior pyramid, and 
along it we must suppose the palsy shock to be 
conveyed. Besides this theoretical necessity, there 
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are facts, which I have collected in my ‘ Outlines 
of Pathology,” to prove that this 7s the channel of 
transit for the palsy stroke. 

The usually received opinion upon this subject 
is, that when a cerebral lesion produces palsy, it 
acts by interrupting the customary supply of sen- 
sorial or cerebral power to the spinal cord. But 
this opinion cannot be maintained; for if it were 
true, it would follow that the removal of one 
hemisphere of the brain, or its lateral compression 
in an animal, (from which a large part of the 
cranium had been removed,) would produce hemi- 
plegia: and an acephalous infant, or an animal 
with the cerebrum and cerebellum removed, should 
be completely palsied, which is contrary to fact. 

Another consequence of this mode of influence, 
were it the true one, would be, that in palsy strokes 
the parts the most remote from the brain would 
have their supply of nervous energy soonest cut off, 
which, again, is contrary to fact,—inasmuch as the 
arm is, in almost every case, struck first and more 
severely than the leg, and when recovery takes 
place, is slowest in being restored. 

But if the cause of the palsy be, as I conclude 
it to be, an actively depressing influence, propa- 
gated from the diseased brain to the nuclei of the 
segments of the medulla oblongata and spinal cord, 
the difficulties, which attended the explanation of — 
the symptoms upon the old hypothesis, are done 
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away with. It is easy, on this supposition, to ex- 
plain why the arm should be smitten first, and most 
severely ; and why the leg, if smitten at all, should 
be the first to recover. The fasciculi of one an- 
terior pyramid I have shown to be implicated in 
the closest manner with the centre of the summit 
of the spinal cord. A shock, transmitted through 
the filaments of the pyramid, would, it may be 
presumed, tell with the greatest violence where it 
would first fall, namely, on the segments of the 
spinal cord, which originated the nerves of the 
neck and arm, and would tell down the cord in a 
proportion lessening with the distance, from the 
insertion of the decussating fibres of the pyramid 
in the cord. 

But how can such a shock affect the nerves and 
muscles of the face, on the opposite side to the 
cerebral Jesion? I have shown that the fibres of 
the spinal cord, with which the decussating fibres 
of the pyramid are implicated at their insertion, in 
their upward course, ascend directly to the point of 
origin of the nerves of the face and throat. Is it 
surprising that the palsying shock, falling at a point 
so near this, and in continuity with it by reflected 
extension of nervous substance, should propagate 
upwards likewise its withering influence, and 
paralyse the seventh, eighth, ninth, and fifth 
nerves, one orall? But nothing is commoner than 


these very incidents in hemiplegia, occurring 
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alone, or in conjunction with palsy of the arm. 
The lower extremity on the one hand, the orbital 
apparatus on the other, are the points of extreme 
remoteness from the centre, at which I have sup- 
posed the palsy shock to be delivered. It 1s remark- 
able, and forcibly consistent with my hypothesis, 
that these parts should be proportionately so much 
seldomer affected, than the face and arm. It has 
been objected to this view, that in hemiplegia, 
from cerebral disease, the leg is sometimes affected 
alone, or in a greater degree than the arm. If 
this occurrence were frequent, it would invalidate 
my hypothesis. Occurring, as it does, very rarely, 
it admits of many explanations; one of which is 
the following. Suppose the lower segments of the 
spinal cord to be already in themselves weaker 
than the upper, and disposed to fall into para- 
plegia; then a slight hemiplegic shock super- 
vening would naturally produce the result ob- 
served ; the weaker part would suffer first, though 
most out of the way of harm. 

Such are the heads of the hypothetical solution 
of the phenomena of palsy, which I have linked 
with the preceding facts and principles. With it 
I close this commentary on the ‘“‘ Powers of the 
Roots of the Nerves,” referring the reader, for a 
fuller consideration of their influence in disease, to 
my ‘ Outlines of Pathology.” 


3d 


ON THE SO CALLED 


MAGNETIC SLEEP. 


I became acquainted with the Baron Dupotet, 
through Dr. Roget, and being curious to see the 
means by which he professed to produce the mar- 
vellous results ascribed to animal magnetism by its 
votaries, I invited him to visit the Middlesex 
Hospital, where he made trial of his art on four 
patients. I have since been present three times at 
the residence of M. Dupotet, in Orchard-street, 
and have witnessed the application of his method 
to several other patients; and I think, that what 
I have observed of the effects which ensued, 1s 
' sufficiently curious to interest philosophical readers. 

I set aside the consideration of M. Dupotet’s 
pretensions to produce clair-voyance, and the like, 
which with the whole theory of an animal-mag- 
netic fluid, are, of course, purely visionary. The 
means by which M. Dupotet acts, are the influence, 
sensibly exerted upon some temperaments, of still- 
ness and silence, of the stillness of several persons 
around and looking on, and of the contemplation 
of slow and mysterious movements of the hand, 
executed in perfect seriousness, and with something 
like confidence in the minds of both parties, that 
an extraordinary effect is to follow. 
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The persons, in whom alone M. Dupotet’s method 
has been seen by me to produce any sensible effects, 
have been young women, who have evidently been 
more or less disposed to that form of nervousness, 
which is called hysteria. When made upon others, 
the trial has proved an utter failure. In the former, 
again, genuine and ordinary hysteric paroxysms 
have sometimes been brought on by the magnetising 
process. But, besides these, a definite physiological 
phenomenon, a new condition of the system, I have 
certainly seen induced by the same means in three 
different persons. M. Dupotet identified this as 
the magnetic sleep; it is, however, anything rather 
than sleep, being a kind of stupor, or trance; and 
as it seems capable of being produced by the mani- 
pulations of “‘ magnetism,” with tolerable certainty, 
in persons of a suitable temperament,—having pre- 
sented at each repetition, which I witnessed, in 
the same persons the same features, not however, 
without trivial variations in degree,—and as it is 
evidently capable of abuse, and possibly might be 
turned to use, (although of this I am very scep- 
tical,) it may appear to others, as it did to me, not 
unworthy of examination. 

The means employed are the following. The 
patient is desired to sit down. The operator then, 
standing or sitting ata little distance before her, 
raises his hand more or less horizontally to the 
level of her forehead, his fingers being pointed to- 
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wards the patient, and at the distance of from two 
inches, to four, or six, or more; he then moves his 
hand, at the same distance from the person, down 
the chest, or down the arms or legs, sometimes 
keeping it for a few seconds steadily, or with an 
undulating motion, pointed towards the head, or to 
the pit of the stomach, or to the knee. Those 
looking on are requested not to move or speak 
unnecessarily, so as to draw off the attention of the 
patient from the operator. 

The effect of this procedure on those who are 
susceptible of the so-called magnetic sleep are the 
following. 

The patient, after a few minutes, closes her eye- 
- lids, and appears drowsy ; if she is sitting upright 
at this period of the experiment, her head is apt to 
nod, upon which, she starts and opens her eyes, 
and is awake again. If, on the contrary, her pos- 
ture is such as would allow her to go to sleep 
without falling, she might appear to a superficial — 
observer to drop asleep; but this event certainly 
does not happen: the state, so induced, differs from 
sleep in the following decisive particulars. » 

1. In the first place, the pupil is not contracted, 
as it invariably is in common sleep. Upon lifting 
the upper eyelid, the eye sometimes indeed rolls 
away much as in sleep, so that the condition of the 
pupil is ascertainable with difficulty. On other 
occasions, the eye appears steadily directed for- 
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wards. In both cases, however, I satisfied myself 
that the pupil is dilated to the same degree in 
which it afterwards continues under the same light, 
when the patient has been roused out of her trance. 
The pupil is sensible to light, contracting when the 
patient’s chair is turned towards the window. 

2. In the second place, the insensibility is in 
some instances certainly more profound than in 
sleep. A person in this state does not appear to 
feel impressions which would awake a sleeping 
person; so, pinching the hand, or pricking it, pro- 
duces no evidence of feeling, no motion of the 
hand, or other expression of uneasiness. 

3. The position of the body does not appear as 
helplessly relaxed as in sleep; there seems to be 
more tone on the muscles, and the head and neck 
appear in part self-supported. 

4. The patient cannot be roused from this con- 
dition as easily as from sleep. The means, which 
I saw M. Dupotet employ for this purpose, con- 
sisted in pressing the forehead and eyelids, and 
rubbing them, likewise stroking the arms and legs, 
blowing upon the forehead, and addressing the 
patient. It was evident to me, that he had to 
excite a good deal of sensation, when the trance was 
profound, before the patient could break it. 

There were evident differences in the degree, to 
which each of the three persons, from whom I 
have drawn these observations, were affected. 
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One of them told me, that she remembered 
hearing something that was addressed to her when 
in this trance, (she had, indeed, answered a ques- 
tion that had been put to her, but not very per- 
tinently,) but that she did not remember feeling, 
when she was touched. 

Another of these young persons told me, that the 
sensation, which she experienced, was like that of 
going to sleep, and that she believed she went to 
sleep. This patient is liable to slight epileptic 
seizures without an awra; in these she sometimes 
loses her senses; at other times, when she is going 
off, by a strong exertion she dispels the fit, She 
told me, that the coming on of the trance, in which 
I saw her on three different days, was totally un- 
like the epileptic unconsciousness. 

I am quite certain that there was no intentional 
deceit or collusion in these cases; neither were the 
persons who were the subject of the experiment 
in any way frightened or agitated. But it was, 
nevertheless, evident to me that they encouraged 
the stupor, into which they fell, and strove, to a 
certain extent, to get into it, and to maintain it; 
it was not, however, the less real, for being partly 
their own doing. | 

The alliance of this state with hysteria is very 
close, as the following instances, which occurred in 
some who could not be put to sleep, evinced. One 
young person, who was subjected to the Baron’s 
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procedure, went off in a regular hysteric fit of 
sobbing. | 

Another, considerably older, but by constitution 
highly hysterical, after sighing and sobbing, became 
fixed in a sullen stupor, with her eyes resolutely 
unclosed, in which state she remained for many 
minutes, and after being roused, fell back into it. 

Another, a lively good-humoured girl, who was 
disposed to laugh at what was going on, was affected 
in a different way. Her complaint is an hysterical 
lameness of the right hip-joint. When the Baron 
directed his hands against her right leg and hip and 
her right arm, after a few minutes, they began to 
tremble and move, and at last to jump and be 
retracted in sudden spasmodic twitches; these 
motions ceased on the manipulations ceasing, and 
recurred on their being resumed. She stated, that 
the twitchings were attended, and as she supposed 
caused, by sensations of pricking and shooting, 
which she felt in the limbs at which the Baron 
pointed his fingers. Of course, these effects arose 
from the patient being highly hysterical, and her 
attention being drawn, (or, as old physiologists 
would have expressed it, from her animal spirits 
crowding,) to the region attacked by the mag- 
netizer. 

I hope the reader will not think these observa- 
tions trivial; to myself, their verification appeared 
extremely interesting. In the first place, they ex- 
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plain the wonders of Mesmerism, without suppos- 
ing utter and unprincipled falsehood, or egregious 
folly, in all the parties who have professed a belief 
in it. I am sure that the stupor which I have 
described, (which is nearly allied to some forms of 
stupor which occasionally present themselves in 
disease, or arise from mental excitement in nervous 
persons,) may be really produced in the nervous 
by the means which a magnetizer uses; and like- 
wise, that, when the stupor so produced is not pro- 
found, a person may hear and answer during its 
continuance ;—when, if by good luck, the answer 
is pertinent, and its truth within the range of pro- 
bability, it serves to cover a hundred blunders. 
Again, I have little doubt that, when the stupor is 
profound, a great deal of pain might be inflicted 
without rousing the patient. I can even suppose 
it, from what I witnessed, not impossible, that a 
surgical operation of little severity might be per- 
formed on one in this state, and the patient, on 
awakening, not remember having felt pain. 

In explaining the nature of ‘‘ magnetic sleep,” I 
have used indifferently the terms “stupor” and 
‘“‘trance.” Of the two, however, the latter is much 
the most appropriate. The magnetic sleep 1s a kind | 
of trance, into which persons who are susceptible of 
it may be thrown, by the ne eiee of the imagination 
excited through. the senses. 
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